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FOREWORD

This report {(Volume I through Volume VIII) represents the final phase of
a study and test which was initiated in September 1964 to explore newly devel-
oped techniques and devices for presenting T. O. (Technical Order) type in-
structions and information. The eight volumes of data contain the result of a
test conducted in an operational environment using concepts developed during
an earlier phase under Contract AF 04{694)-729 and documented in BSD-TR-
65-456. Both the early phase and final phases which were accomplished under
Contract AF 04(694)-984, Project 1316, "Presentation of Information for Mainte-
nance and Operation (PIMO)", were started in June 1968 and completed in
April 1969, This final report was submitted in May 1969,

The original program documentation was prepared by Mr, C. L. Schaffer,
SMTE, in 1934. He subsequently functioned as the Air Force Program Direc-
tor and Chairman of a Working Group which monitored all development through-
out the life of the project. This Group was composed of individuals from var-
ious Air Force commands (AFLC, MAC, ATC, ADC, AFSC) and the Army
Command (AMCFM, AXMLE) knowledgeable in the various maintenance dis-
ciplines and all facets of the T. O. system. Capt. Don Tetemeyer, the Pro-
ject Scientist during the formulative stages of the Program was largely re-
sponsible for the basic test structure. Mr, John Saunders was the monitor
for all contractual aspects until his reassignment in 1968.

Any success one may attribute to the project must be shared by numerous
individuals; however, major credit and appreciation are due General Howell M.
Estes, Jr., Commander of the Military Airlift Command, who provided the
C-141A aircraft and the bases at Charleston, Dover and Norton for the opera-
tional test. Sharing in the credit for the MAC contributions are Lt. Col. Don
Watt and his staff at Hq. MAC, and Col. Foreman, Col. Henzi, W/O Van Riper
and all the personnel at Charleston Air Force Base and also at Dover and Norton
who participated in the test. The hardships imposed on their organizations
are recognized, and we sincerely appreciate tne special efiorts put forth to
overcome all obstacles. The test could never have been conducted without the
cooperation and competent performance of these many individuals.

We are especially indebted to the Air Force Human Resources Laboratory,
Wright-Patterson Air Force Base for their financial contributions at a critical
point in the project; and also to the Army Materiel Command, who believed the
test potential of sufficient magnitude to warrant the expenditure of their funds.
We are most grateful for their confidence and assistance. It is most assuredly
the primary factor that permitted completion of the test.

This technical report has been reviewed and is approved.

D (k.

D. A. Cook, Lt. Col. USAF
Hq. AFSC (SCS-2)
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ABSTRACT

This report describes the latest phase in the program to develop and
evaluate PIMO (Presentation of Information for Maintenance and Operation);
a job guide concept applied to maintenance. Between August 1968 and April
1969, a test was conducted at Charleston AFB, South Carolina, to deter-
mine the effectiveness of PIMO. Three immediate behavioral effects were
expected: 1) reduction in maintenance time, 2) reduction in maintenance
errors, and 3) allow usage of inexperienced technicians with no significant
penalty. Experienced and inexperienced Air Force technicians performed
maintenance on C-141A aircraft using PIMO Job Guides presented in audio-
visual and booklet modes. Performance was measured in terms of time to
perform and procedural errors. The performance was compared with the
performance on the same jobs by a control group, i.e., experienced tech-
nicians performing in the normal manner. The following conclusions were
drawn from the test results: 1) after initial learning trials, both experi-
enced and inexperienced technicians using PIMO can perform error-free
maintenance within the same time as experienced technicians performing
in the normal manner, 2) inexperienced technicians perform as well as
experienced technicians when both use PIMO, 3) there is no significant
difference between audio-visual and booklet modes, 4) the users revealed
an overwhelmingly positive reaction to PIMO, and 5) the performance im-
provements provide the capabilities to significantly improve system per-
formance defined in terms of departure reliability, time-in-maintenance,
and operational readiness. This report also presents a description of the
recommended operational system, specifications and guidelines for PIMO
format development, including troubleshooting. .
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PREFACE

This report was prepared under Contract AF04(694)-984. It is submitted
as partial fulfillment of Contract Data Requirement List (CDRL) Item 29.

1t is used to support specifications presented in

PIMO
Troubleshooting
Aid Specification
TR 315-69-14 (U) Volume VII

Thiz portion of the final report presents a recommended approach to the
development of troubleshooting manuals. These recommendations were
arrived at through intensive analysis condiicted over a two-year period.

Although the primary function of this portion of the project was to develop
troubleshooting aids (TSA's), it became evident that specification of an
end product does not necessarily insure its effective production.

The type of TSA's used on PIMO are somewhat new. And, as with any
new system, there are a certain number of false starts (often referred to
as the learning curve) and subsequent iterations in bringing the technique
into operation.

The manuals were developed by both Serendipity personnel and technical
writers currently employed by a mzajor aircraft manufacturer. The reason
for this approach was to take advantage of technical capabilities inherent in
both groups. However, the problems associsted with the development of
TSA's became evident in a very short time. Therefore, these guidelines
are intended to aid the developers of TSA's and have resulted as a by-prod-
uct of recognizing the associated .problems, together with the development
of an appropriate solution to those problems.
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SECTION I

INTRODUCTION TO GUIDE i

A. GENERAL

This document presents a set of guidelines for the development of improved
troubleshooting aids in conformance with proposed specifications set forth
in FIMO Trcubleshooting Aid Specifications, Vo_lume V.

Prior to presenting the guidelines, certain key terms are defined. These
terms must be clearly understood if the concepts, criteria and resultant

guidelines are to be perceived and used properly.

B. GLOSSARY OF TERMS

1. Constraints

Constraints are restrictions placed upon the means that implement a function.

Constraints are the result of living in a real, practical world. Statements

of constraints in terms of money, man-hours, materials, etc., generally
force compromises to be made when implementing a function. Constraints,
together with expressions of state pairs, may be considered as major factors
that motivate trade-off studies as part of the systems analysis effort.

2. Criteria

The term criteria, the plural cf criterion, is defined as standards by which
a correct judgment or measuremert can b2 made. The criteria must exist
prior to any specific analytical effort, and all analysis must be compared to
the criteria in order to determine that the analysis is relevant and lawful.

3. Function

An operational definition of the term function, as used in this document, is:

an vccurrence vhich continues until a required output state is achieved,

given the requisite initiating input state. Thus, a function can be defined

1-1 Vol.7




by siate pairs, input and output.

Definitions of function and system often are quite similar. In fact, they can
be the same. For the purpose of tnis document, the term system will be
used two ways, both within the definition of the term. When the term is
used without an adjective, it will mean the highest order of functions or
physical means (primarily equipment) of concern. In other words, a given
function or equiprnent will be a part of the SYSTEM. When an adjective is
used (e.g., Aileron System), it will refer to a subgroup of equipment en-
tities which are a part of the larger SYSTEM and implement & particular
function.

An exiéting SYSTEM, such as a multi-engine transport, can be character-
ized in terms of its functional elements and/or physical elements. Both
the functional and physical elements exist in a hierarchy. To avoid con-
fusion, the hierarchy of functions will be labeled only in terms cf levels,
i.e., Level I, II, or III {see definition of Hierarchy). )

4. Functional Unit

Functional unit is a term used to describe a general grouping of hardware

elements that implement a common functional requirement. Generally,
each grouping represents a hardware system, subsystem, or segment.
Each functional unit implements a functional requirement and is readily
bounded. It conforms to the criteria which are specified for aircraft
partitioning. It may be used interchangeably with the term troubleshooting
unit in this document.

5. Hie rarchz'

Originally, the term hierarchy was used to denote the arrangement of
successive groups of clergy of a church according to rank. The term is
now commonly used to denote a series of groups having commonality

arranged by rank. The concept of hierarchy is fundamental to functions

analysis and systems engineering.

Vol. 7 1-2
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The application of the hierarchical concept to functions permits one to ex-
press the highest level function in greater detail by successively partitioning
the higher level functions into state pairs. These state pairs must possess
commonality and, as a group, encompass the entirety of the higher level
function. The functional hierarchy used to analyze an aircraft, for example,

is as follows:

a. Level 0 Function -- the occurrence that describes the state
change required at the major level of concern, e.g., the fundamental state
changes of the aircraft that are necessary to achieve its mission, such as
"control aircraft during flight'. '

b. Level I Function -- the occurrences that together describe the
state changes required within a Level 3 Function, e.g., ' control the attitude
of the aircraft during flight".

c. Level II Function -- the occurrences that together describe
the state changes required within a Level I Function; e.g., "control the
aircraft atiitude in pitch during flight''.

d. Level IIi Function -- the occurrences that together describe
the state changes required within a L.evel Il Function; e.g., "control the

aircraft in pitck by zirspeed compensation''.

Aircraft Type A can be grouped with other types of aircraft whose purpose
is to transport material, thus the Type A system is a subsystem (a rank
lower than system) of a logistics system. Similarly, the aircraft flight
control system is ranked lcwer than the aircraft system and is therefore
a subsystem of the logistics system.

Use of terms such as system, subsystem, segment, and entity will be noted
freauently in this document. They describe the equipment hierarchy that

is to be used during development of the troubleshooting aids. The levels
are frequently dictated by the function a particular grouping of equipment
serves. There will be cases when the grouping is not compatible with the
way the equipment is packaged. In these cases, the adjective used to define
the grouping (system, subsystem, etc.) is based on the function(s) the

1-3 Vol.7
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grouping is to serve. These terms are defined as follows:

8. System -- a grouping of equipment that provides a means of
effecting a basic functional requirement, such as control attitude of aircraft.
Generally, the term system can be correlated to a Level I function as pre-
viously defined. Do not confuse with the term SYSTEM, which refers to the
major system under anélysia anc for which requirements have already been
defined.

b. Subsystem -- a grouping of equipment that provides a means
of effecting a functional performance required for aircraft ocperation. Sub-
systems are the next lower level indenture to system; however, in some
cases where no further partitioning of the system is feasible, the two are
synonymous. The subsystem, therefore, can be correlated to a Level I1
function as previously defined.

c. Segment -- This term may be used to denote a further parti-
tioning of the subsystem for the purposes of troubleshooting aid presenta-
tion or to denote a specific use of the equipment making up the subsystem,
such as operational modes. It is the smallest partition of the aircraft for
which a troubleshooting aid is identified. It is similar to .1e segments
developed for operational checkout. Segments can be correlated to Level
I functions.

d. Entity -- Normally the term entit;’ refers to any specific
equipment within the equipment hierarchy. In this document it is used as
notation for any identifiable equipment within a segment, whether it is a
removable unit or a component comprising that unit. Entity can be usually
associated with.a Level IV functicn.

e. Removable Unit -- This term describes an entity that is
removabie at the on-aircraft maintenance level.

f. Component -- Component is used to denote an entity within a
higher equipment echelon that cannot be further subdivided.

g- Means -- The physical entity {(e.g., people, equipment, data,
etc.) used to meet the requirements of a function or system.

1-4

LOP——

A8 . i e




Rl

e

6. lnterface

Interface is a term used to indica*e a discontinuity. In systems terminolcgy
interface means the point, line, or plane of separation where a distinction
between systems or portions of systems can be made. Cften, it is the
point at which an energy transfer takes place. In functions analysis, this
distinction is made by indicating the interrelation of one function {0 another.
Identifying system interfaces in terms of prerequisite inputs such as elec-
trical or hydraulic energy, mechanical motion, etc. assists in establishing
the boundaries of lower ranking systems. Additional definition is required
to identify the componerits between which the boundary is defined; however,
it will be along the energy path indicated by the input commodities or con-
ditions.

7. Signal

The definition of the term siggal is: an indicatinn, event, or cue conveying
information. When signal is used in this document, it refers to an obser-
vable or measurable indication of an action or event. Signal flow denotes
that the signal has an omgm and a destination. An example of signal flow

is the electrical voltage carried by circuits from a pressure transducer to

'

a panel meter. The indication of pressure is a result of the signal "flowing'

from the sensor.

8. State

The term state is defined as the condition of existence of something at a
particular time and place. Consider the use of state in the expression,

1

"ice is water in the solid state.' Note that the state of the water is des-

cribed as solid without reference to'its temperature, density or salinity.
These descriptors are parameters, or measures, of the state.

9. State Pairs

Two states forming an input-cutput boundary for a process or function. The
two states represent the basic requirement for the function, i.e., change

1-5 Vol. 7
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the state of an arbitrary parameter from the input state to the output state.
Thus, the requirement for a function termed TRANSPORT could be to
change the location state of people x from Los Angeles to San Francisco.

10. System

Many definitions of the term system can be found in the open literature on
systems engineering, systems analysis, and other related subjects. The
following definitions illustrate three distinct concepts of what a system is.

a. A system is a collection of rules, such as a system to win
at blackjack. This definition is based upon rules of behavior.

b. A system is a collection or aggregation of similar things
such as a system of highwaye or the solar system. This definition is based
on composition.

c. A system is a collection of entities (animate and/or inanimate)
which receives certain inputs and acts upen them in concert within constraints
to produce certain outputs.

All are correct; however, the third definition is more closely aligned with
complex military systems and is accepted foi’ this document.

Each system has a certain integrity; i.e., all of the parts comprising it
have some common purpose and contribute, in some sense, towards the
accomplishment of that purpose. It is this concept -- comnmonality of
purpose -- that permits system hierarchies to be developed.

Vol.7 1-6
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SECTION 11

AIRCRAFT PARTITIONING

A. GENERAL

An aircraft is obviously a complex SYSTEM comprised of many interacting
components. Effective téroubleshooting cannot be performed on the aircraft
as a whole (neither can design, development, nor production). Thus, there
is a requirement to partition the system into smaller, more manageable
segments that lend themselves to ready identification and manipulation.
This section has as an objective the development of an aircraft strﬁcture
comprised of segments termed '"troubleshooting units'. It is anticipated
that each of these troubleshooting units will be treated by a troubleshooting
aid so that a malfunction of the aircraft can be efficiently isolated to the
removable unit level. Although the U.S.Air Force C-141A was used to
illustrate the application of the partitioning guidelines, they can be similarly
applied to any aerospace system.

B. CRITERIA FOR PARTITIONING

The objectives that should be met as a result of the partitioning activity are
as follows: '

@ An inclusive set of troubleshooting units for the aircraft
should be identified so that it permits a troubleshooter to
"enter', given a malfunction indication; has a high proba-
bility of containing the malfunction indicated by the symptom.

@ The boundaries of each troubleshooting unit should be
defined.

® The relationship between troubleshooting units should be
indicated.

©® The base on which troubleshooting aid development can be
initiated should be standardized.

2-1 Vol. 7
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Criteria to guide the partitioning of the aircrait were developed from these
stated objectives. Some of the criteria were explicit, while others were
implied. Their applicaticn required a considerable amount of judgment on
the part of the partitioner. Some of the criteria for develsping the set of
troubleshooting units were:

1. Relatability of a Troubleshooting Unit to a Function

This criterion stipulates that the resultant troubleshooting unit (a grouping
of equipment items) must perform a specific function. Since the trouble-
shooting unit is to be identified by its functional performance, the aircraft
must originally be partitioned on a functional basis. It is anticipated that
equipment complexity is not in direct proportion to the functional'level;
therefore, troubleshooting units are expected at various functional levels.

2. Identifiability of Troubleshooting Unit Boundaries

The boundaries of a troubieshooting unit must be identified by establishing
the elements that comprise it. If the boundary is between components,
these must be identified. In defining the boundaries, an attempt should be
made to minimize the interfaces (all other things being equal).

3. Measuf'ability of Relationship Between Troubleshooting Units

The relationship between troubleshooting units must be amenable to test or

measurement. This implies that the interface is either directly or indirectly

testable. The interface must be specified so that it is clear what action,
energy, signal, etc., pass the troubleshooting unit boundaries. This rela-
tionship is, thus, determined by identifying the input and output states of
the function that the troubleshooting unit implements.

4. Relatability of Troubleshooting Unit to Indicated Malfunction

Since the troubleshooting unit (and the resultant aid covering it) must be
associated with the malfunction indication with which the technician begins,
the troubleshooting unit must incorporate the elements of the aircraft that
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present the indication. For example, instrumentation indicating a mal-
function must be contained within the equipment grouping defined as a
troubleshooting unit.

5. Acceptability of Nomenclature by Personnel Using Aids

The personnel using the troubleshooting aids may not readily accept them if
the noraenclature of the troubleshooting unit (or the equipment it contains)
creates interpretive problems. For example, describing the troubleshooting
unit in functional terms may not expedite the technician's association with
the hardware it represents. The nomenclature should assist the trouble-
shooting function, not retard it. It is expected that conventional nomencla-

ture will usually meet this criteria.

6. Consistency of Troubleshooting Unit Set with Other Maintenance

Materials

The total set of maintenance material covers many operational and main-
tenance functions. Those functions that interface with the troubleshooting
function occur in a serial fashion, i.e., troubleshooting is sandwiched
between functions for which other aids will be available. This may be
illustrated by a typical sequence of events as follows: A malfunction in-
dication, e.g., "effort required to control aircraft in pitck is excessive,"
is noted during flight by the copilot. He relays this infcrmasion to the
flight chief who writes the indication down on a Forp: 781A, e.g., ''wheel
torce in pitch excessive''. This information is ccilected by ground person-
nel and transcribed to a Form 992, This information is given to a techni-
cian on a copy of the Form 992. The technician is assigned the task of
locating and fixing the cause of the "stubborn" wheel. At thic point, upon
reading the malfunction indication, he requires an aid. This aid is made
accessible by an index relating the iidication directly or indirectly to the
aid. The aid is not necessarily a troubleshooting aid at this point -- it
may be classed as an operational check or inspection guide. The trouble-
shooting aids should be compatible with the aids used for these other main-
tenance functions. This 1s particularly so for the operational check function.

2-3 Vol. 7
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If systems or units are segmented for operational checks, a similar seg-
mentation should be considered in developing the troubleshooting aids. If
the source of the malfunction is not readily apparent, the index is referred
to for the proper troubleshooting aid. With this aid, it is assumed that the
malfunctioning element (removable end item or unit in the case of on-air-
craft maintenance) is located and identified. An index is now required to
make available the store of maintenance aids which can bring the system
back to a ''go" state.

1. Compé‘tibility ¢f Troubleshoo:ing Unit with Troubleshooting Aid

Although one type of troubleshooting aid may be constructed for all segments

of an airciaft, it is anticipated that different troubleshooting aids should be
employed. The proper employment will be a function of both the trouble-
ghooting unit and the troubleshooting aid characteristics. The resulting
set of troableshonting aids will then be a mix of different techniques where
each troubleshooting unit is treated by an aid best suited for isolating the
cause of a malfunction in that unit. Criteria for matching the aid and the
unit are based upon the characteristics of the malfunctions possible within
the unit, properties of the troubleshooting aid, the user requirements, and
constraints on aid development.

8. Inclusiveness of Aircraft Removable Units Within Set of
Troubleshooting Units

The entire aircraft does not require formal troubleshooting aids. Certain
faults are noted with the malfunction, e.g., a flat tire, a leaking seal, a
broken windscreen, a dent in the fuselage. There are some portions of the
aircraft that do not need troubleshooting aids and therefore are not classed
into troubleshooting unit: . Those elements of the aircraft that are selected
as troubleshooting units must include all components that may be potential
sources of malfunctions. The aid representing the unit, however, need
only detail the equipment to the removable unit level.

Vol. % 2-4
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C. PARTITIONS AND FUNCTIONAL UNIT IDENTIFICATION

Although the C-141A aircraft has been designed, fabricated, and is in an
operational status, analysis of it in terms of functions is expected to pro-
vide a valid basis for the identification of equipment groupings for trouble-
shooting. This analysis was conducted by determining the changes of state
{at various functional levels) necessary to accomplish the objectives of the
C-141A aircraft. A review of the gross segments of the mission profile
indicates that it can be separated into three phases: prefligit, delivery,
and postflight.

@ Preflight consists of both aircraft and ground support
activities which prepare the aircraft for operation.
It ceases when the aircraft is capable of moving under
its own power, and the doors and hatches are closed.
Loading, fueling and preflight checkout are included
in this phase.

® Deliverz includes taxi, take-off, ascent, cruise, descent
and landing. This ph#se ends when the engines are shut
down, and doors anc hatches are opened.

@ Postilight consists of cargo discharge, postflight main-
tenance, etc. It actually dovetails into the preflight

phase, since aircraft missions are cyclic.

The mission profile reveals that the aircraft goes through three distinct
operational regimes. [hey are: (a) the stationary regime, which encom-
passes provisioning, loading, preflight checkout, and other preparatory
activities conducted while th= aircraft is in a stationary state at the ramp;
{b) the ground motion regime, encompassing taxi operations, take-off run,
and landing runcut; and {c) the flight regime, encompassing aircraft flight
maneuvers, navigational operations, and other in-flight operations. The
{(a) and (b) regimes support the flight regime.

2-5 Vol. 7
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Examination of the flight regin.e portion of the mission profile reveals that
the aircraft undergoes various state changes in transporting material from
Site X to Site Y. The major changes of state necessary to achieve this
mission are shown in the figure below.

.

1. A/C LOCATION A 1. A/C LOCATION
a) Latitude = RampA, a) Latitude = Ramp B,
b) Longitude Site X b) Longitude Site Y
c) Altitude = 0 c) Altitude = 0
| FLY
2. A)/C ATTITUDE AIRCRAFT 7™ 27/ C ATTITUDE
a) Roll s a) Roll -
b) Pitch Level b} Pitch LEveL
c) Yaw = e c) Yaw = 8

These changes of state are achieved by the combined performance of numer-
ous aircraft functions. This function can be partitioned into state pairs
which reveal the requirements for lower level functional systems. These
state pairs ar.> depicted diagraminatically in Figure 2-i. The state pairs
shown in this figure were derived by first examining the state classes used
to bound the system and then defining the processes required to meet the
state-change requirements. Note that the partition is essentially a parallel
one, i.e., the functions are not in series. However, the functions are not
independent. The dependency of the functions upon each other is not shown
since it was not necessary for the partitioning.

The functions rcquired to meet the over-all state-change requirements of
the system represent the primary functicns. Additional partitioning re-
quired consideration of generic means used in large jet transports to meet
the requirements of the primary functions. Two additional functions were
identified by considering generic means used in the secondary functions.
Examination of the functions thus defined indicated that the functions were
quite generic, although it was necessary to go to the third level of deriva-
tion. More important, additional paftitioning required consideration of
specific means. Therefore, it was decided to treat the {unctions identified
up to this time as the level 0 function for the SYSTEM.

Vol. 7
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PRIMARY FUNCTIONS
e e

1. AIKCRAFT LATITUDE RAMF A,
2. AIRCRAFT LONGITUDE §  SITE X

1. AIRCRAFT LATITUDE { Ramp2,
2. AIRCRAFT LONGITUDE j SwEY

s, el e g, e i e e AR
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Figure 2-1. Basic C-141A Aircraft State Change Requirements
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2EE) It should again be noted that the dependencies of the functions are not shown
L on the diagram. For example, the outputs of P-1, P-2, and P-3 are basic
inputs to S-1. The output of S-1 in turn, is a required input for P-1, P-2,
‘and P-3, if the function is to be controlled. The interdependencies are
omitted solely for the safe of simplicity. . . . e T

The s,tate-‘cﬁéiiﬁgwé“requirements shown above can be re-expressed in terms

of functional objectives by examining the type of state changes required.
The primary objectives are:

1. Provide aircraft translational capability.

2. Provide aircraft lifting capability.
3. Provide aircraft orientation capabi® .

In addition tc these, the objectives termed '"supportive'' must be met during
the mission. These supportive objectives are accomplished by secondary

and tertizry functions. A list of the major supportive functional objectives

follows:

1. Provide a navigational capability.

2. Provide power to execute all functions.
b 3. Provide fuel to produce power and/or translating force.
b
| %%
4. Provide an integrating structure.
r"e-
5. Provide a controlled environment.
i i, 6. Provide a communications capability.
E’i . Taking the C-141A aircraft as an example, equipment was selected to im-
i__';- plement the required performances; in other words, hardware systems
‘ were as3ociated with functional objectir¢s. This was accomplished by
Ff;“- reviewing the Technical Crders and meznuals pertaining to the C-141A
F‘% aircraft. The grouping of equipment items is somewhat arbitrary, but
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they tend to reprzseni a commonality of purpose within each group. A
matrix of the primary and supportive functionas versus the selected hard-
ware systems was constructed to determin.: whether additional or revised
partiticning of the top-level function (Level 0] into Level I {: .iciions, was
required. This matrix i8 shown as Figure 2-2. Note thet Function A
requires a means to translate on the ground surface and a means (o change
the rate of translation, both ground and airborne. The hardware which is
required to accomplish thege translational objectives ia nct ¢asily bounded
when treated as a single system. Three hardware systeimns were selected
for Function A; namely, the wheels and braking portions of the landing
gear system, the wing flaps of the lift/drag system, and the thrusting
portion of the propulsion (or power plant) system.

Function B requires both fixed and movable aerodynamic surfaces to meet
its functional objectives. The fixed portion is contained in a system termed
airframe, while the movable portion (wing flaps; is classed as a portion of
the lift/drag system.

Orientation of the aircraft, Function C, is accomplished by the landing gear
braking and steering sibsystems while on the ground, and movable aerody-
namic surface while in ftighi. Ground orientation is accomplished by a
subsystem of the landing gear system, while the flight orientation hardware
ie an independent system,

Implementation of the navigational function, Function D, is accomplished

by a well-bounded set of hard-vare subsystems; however, Function E is
implemented by two on-board systems, the power plant and the auxiliary-
propulsion ‘unit-driven power generation equipment. The APU, for this
function, serves as a redundant source of energy. The power requirement

is fulfilled by means of electricity and hydraulic fluid. They were considered
as geparate hardware systems, even though they are functicnal subsystems
of the power system, because of their unique boundarirs. The reason for
coding the Propulsion System and the APU System is ihat they generate
pneumatic power. Functionally, a pneumatic system exists; however, the
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hardwase associated with it appears as a subsystem of hardware aystems
5.0, 6.0, 10.0.

The aircraft fuel storage and distribution function is accomplished by the
fuel system, Function F, and lends itself to explicit definition. The
requirement to tie together all aircraft components into a unified structure
is accomplished by the system termed airframe. This system satisfies
the requirements of Function G. Except for the access panels, doors,
ramps, etc., the airframe is the integrating nonremovable structure giving
the aircraft its form and cohesiveness.

Function H is accomplished by the environmental control system. The
transfer or exchange of information, Function I, within and between the
aircraft and other receiving and transmitting stations is implemented by
the communication system. Man is listed as a hardware system since he
acts as an observational, computational, and actuational system.

A review of the Technical Orders was made to ascertain that each aircraft
component fitted into one (and only one) designated hardware system. Ne
omission was noted. The selecied systems appear to meet most of the
criteria previously set forth for troubleshooting units.

The boundary between systems was identified by indicating the point (or
general area) where an cutput of another system has singularity of purpose;
i.e., it is the input to only the system in question. For example, the fuel
required for the engines and the APU cannot be distinguished as engine

fuel or APU fuel until the fuel crosses a boundarv where the fuel has a
unique destination. Fuel in the tanks is not unique to an engine; however,
fuel beyond the fuel isolation valve in an engine nacelle can only be used

by that functional unit.

As mentioned previously, the equipment groupings were selected for
commonality within each group. Although the nomenclature is hardware,
ecch grouping represents a functional unit since the common purpose is a
functional purpose, i.e., a class of state change required. Thus, the
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groupings will be treated as the Level I functions.

The gystems associated with the Level I funciions and the energy flow
between thom are illustrated on Figure 2-3. This diagram represents
only those po:tions of the C-141A which are expected to require af@ntion
during on-aircraft treubleshooting. It does not show the structure tieing
all systems together. Diagrammatically, this can be viewed as the paper
on which the blocks are drawn. The figure does not show man nor the
information and control interfaces with him. It does, however, represent
the interdependence of the aircraft systems that have been designed to
meet the top-level functional requirements.

The hardware systems making np the C-141A aircraft that appeared to
meet the required functional performances are shown in Table 2-1, C-141A
Aircraft Systems - Level I. Each aircraft system is briefly described by
a short statement of performance requirement, the major output state to he
achieved, and the requisite inputs. Most of the systems require man as an
input to actuate controls and to monitor the output of the system. The Level
I system and the Level I functional requirements, were then examined in
greater detail by inquiring into aircraft specifications, the technical orders
and other similar aircraft and space vehicle functions analyses. This
examination was to determine which equipment of the C-141 made a contri-
bution to the Level I functions. The activity of deriving functions by the
state-change process was continued until a means specific to an aircraft
had to be selected as implementing the function. This stop-blocking
criterion permits the functions analysis ‘o be generic to any cargo trans-
port aircraft. The result of this analysis was the isolation of functional
units. The term functional unit is used to denote a grouping of equipment

that adheres to the partitioning criteria and may be considered as a candi-
date for either a hardware subsystem or segment. It may be considered
as synonymous with the previously discussed troubleshooting unit for this
study.. '

{
The functional units derived by the analysis along with performance and

bquhdarjy descriptions are tabulated in Table 2-2, entitled C-141A Aircraft
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A/C SYSTEMS PERFORMANCE OQUTPUT STATE INPUTS
1.0 AIRFRAME m; AICS'umr:;‘provld-c ¢ Cargo/hardeare aystem e Structural
ing stes sur- space and access to s;4ces £
faces, and provide sccess 10 o All A/C systems r”,' ) ® Aerodynamic surfaces
internal elements together 4 v ® Accesa openings
® A/C ae ically §- RS SN
operati o Hydr. snergy
2.0 LANDING GEAR Provide platform for and control | ¢ Landing gear up or down o Hydraulic power
g fysenCiebing, o Brakes/anti-akid active o Elect, power
¢ A/C oriented in yaw ’
3.0 LIFT/DRAG Alter A/C lift/drag e Flaps extended/retracted | @ ilydraulic power
characteristica x° ‘o Elec power
@ Spoller deployed x°
4.0 ATTITUDE CON[ROL | Provide capabiliiy to orient A/C [ & A/C elevator, aileron, o Hydraulic power
T;ddne;‘;)rlmted to produce: ® Elect. power
2, Yaw
3. Piteh .
5.0 PROPULSION Provide transiational thrust o Thrusting foree on ¢ Fuel
Provide mechanical energy air{rams o Elect. ene
Provide pneumatic fluid To at CSD % o
. 8. Jorque e Starting air
o Bieed atr at envir. control
e Torque at hyd. sys. pumps
8.0 APU Provide pneumatic fluid o Air at engine starter o Fuel ,
Frovids méchisnical dsergy e Air at envir, control ¢ Hydrsulic pressure
Aymers @ Eiect, epergy
o Torgque at elect. sya. gen, ]
7.8 FUEL Store/distribute fuel o Fuel at enginea o Elect energy
e Fuel at APU ® Fuel from externzal
. ¢ Fuel overboard e e
8.0 ELECTRICAL Provide slectrical power to e AC power at circuit e Torque at CSD from
operate systema breaker penela/trana, ; engine
® DC power at eircuit e External eiect. energy
breaker paneis/trans. ® Torque from hydr. aye.
o Torque from APU
9.0 HYDRAULIC Provide hydraulic power to o Hydraulic pressure at o Engine torque
operate aystema ?uli‘loédl.;:tuton for: e Eiectrical power
3, Att, cont.
3. Lift/drag,
4, Elec power
5. Airframe
10.0 ENVIRONMENTAL Control condition of external o A/C internal cun‘:un~ o Bleed air from APU/
CONTROL surfacea and internal mente at x psi, x% Oy engine
snvironment *% humid, x°F ¢ Ram alr from environment
® :’Ilcc:ncrn-i surface free | o oo power
® Adequate illumination
level provided
ti,0 COMMUNICATIONS Provide information exchange o Information {voice) re- e Elect. energy
ceived at crew/cargo stns. e Received voice signaia
o Info transmitted to inter-
nal/externai receivera
12,0 NAVIGATIONAL Provide aids to navigationas e Reference tnformation at o Eiect. energy
problems crew siatlon e Received RF aignala
o Radar, radio emiasions to
‘ ground/alr stations
13.0 MAN Performs observational, e Controis actuated e Visuai info

Table 2-1

computationai, and actuational
activities

e Calcuistions performed
Info exchanged

e Audho info
e Tactuanl info

C-141A Aircraft Systems for Leve! 1 Functions
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Functional Units. The functional unit, a hardware system or subsystem,

is given a number and a name in the first two columns. The first numeral
refers to the system and the second to the subsystem. A third number
should identify multiple segments within a subsystem if additional break-
down is required. The "parent" system is listed in the third column. The
fourth and fifth columns give state information regarding each functicnal
unit to help bound it as well as to provide interface information. The
column designated Performance Description gives a brief summation of

the need for, and the elements comprising, the functional unit. All func-
tional units must be treated as closed-loop systems where all inputs and
outputs are considered. The last column, Aid Type, lists a recommenda-~
tion for the type of troubleshooting aid to treat the hardware grouping that

is described. Abbreviations used in this column are: MDC - Maintenance
Dependency Chart; S - Schematic Diagram; P - Narrative Procedure; and
S-C - Symptom Cause Diagram. Additional analysis, as outlined in

Section III, is required to confirm these recommendations. It ehould be
noted that all aircraft components are not included in this tabulation. Thosa
that are not listed are considered as posing little difficulty in troubleshooting
so that existing methods of maifunction isolation may be adequate. Any
indications to the contrary should be observed during the actual develupment

of troubleshooting aids.

The functional units described in Table 2-2 are presented in the form of a
matrix in Figure 2-4, Functional Unit Interface Matrix. These functional
units are at the system and subsystem level; therefore, they represent
hardware that implements Level I and II functions. This matrix indicates
vhat a dependency exists between the functional units intersecting at,'.ta cell
which has a dot entry. Table 2-2 in concert with the matrix should permit
the analysts to determine the boundaries of most aircraft equipment group-

ings.

Some of the functional units contained ir Table 2-2 may require furtaer
segmentation during the troubleshooting aid developme nt process. It is
also prob .ble that during the course of developing aids, that revisions to
the nomenclature originally used will be recommended. Additional
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hardware grooupings may be discovered that should be covered by trouble-
shooting aids. Iteration is common in activities of this type. Ideas to
improve the partitions presented may be discovered by participating
personnel,

Any changes or additions should conform to the same criteria used in the
original partitioning process. Discovery of supplemental criteria or a
ranking of the existing criteria during aid develop}rlent should be reported
and should be incorporated into the over-all guide.

The following procedures are recommended to be followed so that innova-
tions and improvements can be recognized and incorporated uniformly into
the troubleshooting aid set by all personnel. The originator of the recom-
mended change should document the recommendation by:

@ Example.
@ Written explanation.

The originator should then present the recommendation to his supervisor
who is to:

® Review the proposal.
@ Add any pertinent comments.

@ Inform affected personnel of the change (if accepted).
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SE<TION MI

DEVELOPMENT OF TROUBLESHOOTING AIDS

A, GENERAL

This section consists of a discussion of some practical considerations and
specific guidelines for the development of adequate troubleshocting aids.
Adequacy is defined in terms of the criteria imposed upon the development
of each portion of the troubleshooting aid, and is presented in the discussion
of each step in the development procedure. The terms "system' and
"functional unit'" will both be used to mean the same level of system partition
throughout this discussion. ' ‘

B. CONSIDERATIONS FOR TROUBLESHOOTING AID DEVELOPMENT

The over-all consideration for any maintenance aid is the intent of such an
aid. In the case of the troubleshooting aid, the intent is to provide the
technician with the information necessary to isolate the cause of a malfunction
with the highest degree of accuracy in the shortest time, and with minimum
effort. Consequently, both the person generating the troubleshooting aid and
the technician using it should be aware of the following considerations:

1. Consideraticns for Trcubleshooting Aid Development

a. Troubleshooting is the name given to the activity concerned
with identifying the specific cause of a system malfunction. The specific
troubleshooting actions to be performed depend upon the malfunction symp-
tom, but always within the context of all the interrelated parts that work
together to perform the syetem function that has failed.

b. Symptom is the name given to thv indication that some part in
the system has malfunctioned, or has failed to perform properly a system
function,

c. It is possible for a malfunction to occur with no symptom

3-1 VOl. 7




directly observed, or with the symptom observed in the function of some
associated system. That is, a pump failure in the hydraulic system may
not be observed ag a hydraulic system malfunction, but as a flight control
malfunction due to a requirement to exert excessive force on the control

" whaeel.

d. - In order to localize and isolate the defective part, the mal-
functioning system should be operated to verify the performance of all
interrelated parts associated with the symptom. Exceptions to system
operation would be when a danger to other system parts may result from
.additiqhal gystem operation, or where the symptom-cause relationship is
plainly evident. It is necessary to specifically identify these exceptivns for
the troubleshooter.

e. Some symptoms may be observed only during system operation
in a specific snvironment or under specific conditions. That in, an engine
may always function properly at 10, 000 feet, but may malfunction at 30, 000

feet, or it may perform properly at all throttle settings except full thrust.

{. It may be difficult or impossible to duplicate exactly the environ-
ment in which the malfunction was observed, wssuming that the characteris-
tics of the environment were reported with the malfunction. The functional
charecteristics of each part in the system must be adequately described to
allow the technician to infer the cause of the malfunction, or the environ-
mental symptoin-cause relationship must be specifically identified.

2. Requirements of a Troubleshooting A1d

" In general, the ‘roubleshooting aid must be capable of responding to the

preceding considerations, which will largely be the result of how the person
generating the aid interprets these considerations in relation to the system,
or functional unit, for which he is responsible. More specifically, the
troubleshooting aid should meet the following requirements:

a. Provide system definition by identifying the interface boundaries

v01.7 3-2
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relative to associated systems, ar< by identifying the interrelationzhip of
all parts within the system that are required to effect system performance.

b. State the preliminary condition of the system necessary to
verify the symptom by identifying set-up requirements for the malfunctioning
and associated systems.

c. State the relationship of symptom to all possible causes by'
identifying the functional interrelationships of parts involved in producing
the indication of malfunction.

d. Identify the location of all parts in the system to facilitate
isolation of suspect parts.

e. Provide a functional description of the system and each part
in the system to identify the specific performance characteristics of each
part.

Different configurations of the same system must meet the above require-
ments relative to the differences of interrelated parts and their specific
performance characteristics.

—

3. Required Capabilities of Troubleshooting Aid Generator

The person assigned the responsibility for developing an adequate trouble-
shooting aid must be able to meet the requirements of the aid considering
the characteristics of the troubleshooting activity previously identified.
Most important is his ability to recognize and identify functional relation-
ships of parts within systems, and systems within systems. Next in

importance is his knowledge of the subject matter of the system for which
he is responsible. He must be familiar with the structure, function, and
schematic symbolizing of the parts, and be capable of performing signal
flow or circuit analysis of the system in order to specify the functional
relationships and effect on system output resulting from failure of the
parts. Finally, he must be capable of documenting the results of his
analysis so that it can serve as z troubleshooting aid.

3-3 Vol. 7




The remainder of this section describes the procedure for the troubleshooting
aid generator to follow in order to meet the aid requirements, and provides
him with appropriate documentation criteria.

€. DEVELOPMENT OF TROUBLESHOOTING AIDS FOR AN EXTANT
SYSTEM

The following discussion describes the use of source data and documentation
criteria during development of the troubleshooting aid, and the role of
manigement in controlling aid development. Steps in developing the aid are
presented as numbered activities keyed to Figure 3-1, which describes the
troubleshooting aid development approzch. The sequence of performance

is critical in that each activity utilizes information developed in a preceding
activity. Other activities which are not part of troubleshooting aid develop-
ment, but which are critical to updating and publis'hing are briefly discussed.
It should also be noted that the outputs of Activities 6 and 8 are of value to
the formatting of all maintenance activities in addition to troubleshooting.

1. Assign Functional Units to Analysts

The development of a troubleshooting aid begins with a recognized require-
ment to generate an aid for a functional unit identified as a result of the
partitioning effort described in the preceding section of this—report. Manage-
ment reviews the input and output boundaries and the performance descrip-
tions of the functional unit in order to determine the requirements of the
analyst to be assigned the responsibility for generating the troubleshooting
aid. Management then selects the most qualified analyst available and

provides him with the information of functional unit boundaries and perfor-
mance description.

Management initiates the Troubleshooting Aid Data Sheet (Figure 3-2) by
entering the System Name, Functional Unit Name and Number. The foliowing
entries are made on the Assignment line under Disposition: date of Assign-
ment; name of the analyst, or aid generator, under ""Remarks'; initials of

the person.making the assignment. The sheet is then presented to the

.
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TROUBLESHOOTING AiD DATA SHEET
SYSTEM NAME :
FUNCTIONAL UNIT NAME __
FUNCTIONAL UNIT NUMBER
ACTIVITY CODE
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Figure 3-2. Troubleshooting Aid
Data Sheet
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analyst, together with a copy of the Troubleshooting Aid Development Pro-
cedures and Criteria, and directicns appropriate for obtaining source data
for deirelopment of the functional unit troubleshooting aid. Source data
should include all Technical Orders, Engineering Reports and Drawings,
Failure Analysis Reports and any other information available that pertains
to the functional unit,

2. - Study Troubleshooting Aid Development Procedures

Personnel assigned the responsibility for a functional unit must read the
Troubleshooting Aid Development Procedures to acquire the knowledge of
the aid requirements and the techniques ‘o meet these requirem.nts. The
troubleshooting aid development approach presented in Figure 3-1 should
be used as a frame of reference to view the required sequence and relation-
ship of all activities to be performed. The specific requirement of this
activity is to acquire knowledge of tie criteria governing development of:

@ functional unit block diagram
@ integrated schematic

® parts location illustration

@ functional descriptions

@ end itém list

@® preliminary information sheet
@® sequence of procedures

VQ symptom-cause chart

@ narrative procedures

® maintenance dependency chart

® ‘ntegrated troubleshooting aid package

e e i
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and consists of a study of the activities discussed in items 3 through 17
below and PIMO Troubleshooting Aid Specifications, Volume V.

3. ’ Review Functional Unit Data

Personnel responsible for a functional unit should review all existing main-
tenance data appropriate to the functional unit. This data includes Tech-
nical Ozders, Manuals, Engineering Drawings, Failure Analysis Reports,
and any other information that is accessible. The specific requirement

of this activity is to obtain knowledge of the functional unit:

@® interface with other functional units
lower level divisions, or segments

schematic representation

o

[

@ correct end item nomenclature ~ ', 2
@® performance descriptions

@® maintenance activity preliminary requirements

L

maintenance activily requirements.

This overview of all maintenance data for the functional unit should familiar-
ize the personnel with information available for development of the trouble-

shooting aid package, and should identify certain characteristics of the

functional unit that will later be used to assist them in selecting the appropri-
ate aid fo- at (Activity 9).

4. vevelop Functional Unit Block Diagram

This activity requires a detailed study of the functional unit composition
ead interface areas in order to develop a definitive block diagram of the
subject. This diagram wiil define the functional unit when the following
criteria are met for definition:

3-9 Vol. 7




a. All interfaces in term:s of energy or signal flow between the

bounded functional unit and all interdependent funciional units have be=n
identified.

b. Specific test points and signal specifications between the

functional unit of concern and all interfacing units have been identified.

~ . Al included end items, or segments which contain identifiable
end items, are specified.

Onee the block diagram has been produced, it should be evaluated to deter-
mine whether the functional unit should be further segmented. In addition
to igie criteria governing the over-all zircraft partitioning, the analyst
should consider each candidate segment as an ENTITY posseesing a certain
degree of independence. The objective is to identify manageable portions
of the aircraft that can be treated by a troutleshooiing aid. A valid SEG-
MENT must be bounded, all end items must he identified, and test points
between segments must be specified. A segment is an entity at the next
echelor in the functional hierarchy. For example, the system designated
as Navigation has been sc:mented into functional units implemented by
specific navi‘éational equipment. One such functional unit, the AN/APN-
59B Search Radar is illustrated in the block diagram of Figure 3-3. It

is do:ubtful that further segmentation is required or desirable.

5. . Develop Integrated Schematic and Parts Location IMustration

The requifements of this activity are the preparation of an integrated
lchemétic that identifies all interrelationships involved in signal flow
from functional unit or segment, input to output, and a pictorial diagram
fllustrating the location of the end items contained within the functiunal
unit or segment. All source data used for this activity should be identi-
fied on the Troubleshooting Aid Data Sheet.

a. Integrated Schermatic Intent Criteria. The basic intent of the
schematic is to provide the troubleshooter with supplementary information
not readily obtained from other troubleshooting aid materials. System
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representation by means of schematica has been commonly designed to re-
veal the functional design and/or to serve as installation or manufacturing
guides. Maintenance can be materially benefited by presenting this informa-
tion in an integrated fashion. In additibn, the deveiopment of such a schemat-
ic serves the nurpose of specifically defining the functionzl unit, thereby as-
sisting the personnel responsible for developing the troubleshooting aid in des-
cribing the total structure of :he functional unit. In order to accomplish this
intent, the fcllowing criteria must be met.

1) Isolate the functional unit, or segments of concern. This 'ie
ac~omplished by specifically identifying the interfaces be-
tween it and other functional units, or segments on the sche-
matic. This effort is an outgrowth and amplification of the
effort involved in developing the functional unit block diagram
(Aétivity 4), and identifies the interface at specific end items
within the functional unit.

2) Identify all end items schematically. A functional unit, or
segment, should be represented by an integrated schematic;
i.e., it is more effective to combine electrical, hydraulic,
and mechanical entities into a single composite schematic
instead of developing separate schematics for each of the
different mechanization disciplines comprising the over-all
functional unit. This convention is based upon thé desire to
present the over-all picture of the troubleshooting unit where
troubleshooting unit is defined as a closed-loop system im~
plementing a functional requirement. The items comprising
thie system may belong to various hardware classes.

.

3) Specify the functional interrelationship of all end items com-
prising the functional unit, or segmeni. Each end item
must be connectad to some other end item within the
functional unit in order to properly mechanize the

3-13 Vol. 7
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function. if no interrelationship is found to exist, then

o the end item does not belong in the functional unit.

4) Trace the signal flows through the fuuictional unit, or
: - segment. Applying control loop analysis to verify
S continuous signal flow through all the end items under
L the various rmodes of operation wil. assist in describing
the functional interrelationships. It also will identify

L AT “the inclugion of end items that do not belong, or the

exclusion of end items that do belong, in the functional
uvnit.

' Existing maintenance data for the functional usit should be searched for

schematics, plcterial diagrame, illustrations, and descripiive text to

ansist in mesting the intent criteria.

_b. Integrated Schematic Format Criteria. The following criteria

are p.résent_ed in order to standardize the presentation of integrated scle-
imatics, and to assist in meeting the intent criteria.

1} Use conventional engineering symbology in the schematic.
This is particularly pertinent when developing detailed
schematics. The conventions that are extant on sche-
matics available from the Technical Menuals should ke
adhered to (if there is a conflict betweAen standard
engineering practices), because the technician may
occasionally need to refer to the wiring diagrame fur-
nished by the equipment vendor. Conflict in symbology
between prime contractor-furnished schematics and

vendor-furnished schematics should, therefore, be
minimize4. A list of symbols will be a necessary part
~ of the troubleshooting aid volume: therefore, all pecu-
liar conventions should be noted. In certain instances,
pictorial representation of end items will help provide
a more meaningful grasp of the system. In other cases

___._.__r—.__.____....—
.
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it may be desirable to present a schernstic with some g

gsections illustrated in greater detail t}.'a others.

2) The arrangement of the eiements.on the schematic
should be such as to best facilitate its use. First,
it is recommended that an attempt be made to main-
tain a left-to-right flow of signals through the schematic.
Feedback signal flow will generally be from right to '
left. However, this convention should not be allowed

to constrain the analys¥ to the point where components
must be repeated or excessive line crossings are
needea. Secondly, it is recommended that the schematic
group functional elements be placed go that their actual
physical location can be readily ascertained. Thes:
recommendations should not be construed es constraints
to the implementation of the intent criteria; instead,

they should be considered as techniques to accomplish
the objectives of the scnematics.

3) Ideniification of system elements on the schematic should
include removable end itenis by: ;
(a) Name
(b) Part number
(c) Location
These should also be enclosed in a box where it leuds
clarity to the schematic.

4) Iaterconnecting circuitry should include:

(a) Electrical wiring; hydraulic plumbing,
pneumatic ducting and mechanical linkage
identification numbers.

(b) Connector identifying numbers enclosed in a

3-15 3 vcla 7
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rounded rectsugle ana nlaced on each side of the
connector.

(c) Test pointe to assist in the isclation of faulty
end items, when determined necessary by the
sanalyst. If the schematic supports an MDC,
the signal apecification availability is adequate
for this identification. Test points are usually
indicated by a standard symboll It is recem-
mended that the test points be numbered and
codad. The fcllowing test point symbols are
to be used. (See Figure 3-4). Numbering
permits use of a signal epecifications table
to identify the normal reading and tolerances
at the test point when space to write signal
specifications is at a premium.

Termina: boards where gignal flow converges
or diverges, o: -vhere needed to trace aignal
flow continuity.

8) The echematic should include:

A title in bold type centered st the bottom of the gheet.
This title will consist of the neme of the system or

segment, and its corresponding numerical designator.
If multiple sheets are required for a schematic, enter

under the title the term 'sheet 1 of n," where 1 refers
to the specific sheet number and n the total number of
sheets.

The chenge series of the total system for which the
schematic i3 applicable. This note should be placed
in the lower left-hand side of the sheet and headed by
the term "effectivity' in reversed block letters.
Different system design configurations should be
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TP Signal Specification or Code

REMOVABLE REMOVABLE
"1 UNIT X UNIT Y

BACKGROUND WHEN USED

P Black Test points designed into the

@ equipment which are dirsctly
accessible, such as jacks, ex-
posed terminals, and events
(actions) which may be recog-
nized from outside the equip-
ment, (These events may or
may not require the use of
test equipment for their recog-
nition. )

TP Grey Secondary test points or events

@ (with black lettering) (actions) which may be deter-
mined or vbserved only after
the equipment enclosure has
been opened, and which are
readily accessible. (These
events usually require the use
of test equipm.ent for their
recognition. )

TP White Test points or events (actions)

O which are difficult to access.
and which always require the
use of test equipment,

Figure 3-4 Test Points
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identified by a number enclosed in a triangle, & .

- if unly a minor portion of the schematic differs between
two series of the system, the difference in circuitry
should be presentec in a block with identification of
alternate mechanization for the appropriate series. If
there are major differences in the functional unit config-
urations of two or more series, individual schematics
should be prepared for each series, and the series
effectivity noted for each schematic.

When notes are required, use staudard engineering
practice. The location of the note will usually depend
upon the available space; however, when space permits,
it should be located in the lower right area of the eche-
matic. If notes appear on source schematics that are
pertinent to installation only and are not needed for 1
trovtleshooting, they may be deleted. The word '"Note"
should be in reversed block letters.

Each schematic, and other troubleshooting aids as well,
wilil receive a data which will be located in the extreme
lower right. This date shall be the date of development
completion on the part of the analyst. The date, the
title, and the effectivity note should appear in line in
the margin across the bottom of the sheet.

8) For field use, the final size of the schematic should be
limited to 11 x 17-inch sheets. if it appears that more
space will be required, the analyst should prepare the
rough schernatics on separate sheets, or clearly indicate
where the artist should break it into multiple sheets.

- Figure 3-5 is an example of a portion of a typical schematic diagram show -
. ing electrical elemenis or a functional unit. Note that the end items are
oy 'M'cated by dashed boxes as well as idertifying numbers. This particular

- weun: 3-18
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diagram is intended as a ty}ﬁical approach only and does not represent the
only way to render s functional unit. Representstion of fuactional elements
facilitates the maintenance technician's ability to troubleshooi. This
schematic is a composite showing both electrical and hydraulic functional
elements. Mechanical linkage is represented by dashed lines, and is
further developed oa the parts location illustration.

c. Parts Location Illustration Intant Criteria. The basic intent
of this illustration is to identify the location of the end items to minimize
the time required to gain access to a specific end item during fault isola-
tion. In addition, its development will turther assist in defining the func- i
tional unit by identifying end item particulars that may not have been in-
cluded in the schematic representation,such as idler pulleys, cable turn-
buckles, and travel stops. The following criteria must be met to accom-
.pligh this intent. :

1) Identify the physical characteristics of each end item in
the functional unit. The pkysical characteristice should
include suificient detail to permit the troubleshooter to
recognize the real end item from its pictorial represen-
tation.

2) Identify the interconnection or physical interrelation-
ship of end iteimns in the functional unit. This illustra-
tion of interrelationships should supplement the inte-
grated schematic by providing more detail than is
appropriate for a schematic, and is particularly im-
portant to the troubleskooter in tracing mechanical
linkage or hydraulic plumbing during fault isolation.

3) Identify the location of end items in the functional unit
relative to some over-all aircraft system reference.
This is partially accomplished by identifying the inter-
relationship of end items; however, the illustration
represents specific details abstracted from the total
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sﬁtem, and the lc‘lacation"of the details should be keyed
to some general location on a gross level representation
o=f the total System. A ;

4. Parts Locetion Illustration Format Criteria. The following
e e m.d in order to standardize the presentation of parts
mtioas and to assist in meeting the intent criteria.

gzt
z Al ﬁﬁ Develop aufﬁcient genéral detail line drawings to provide
- : reference for the location of functicnal unit end items
" within the total aircraft system. Where specific end
iteixis are isolated in their locations, use letter desig-
nators to refer to specific lower level details. The
letter designators shouvld follow alphabetical progression,
5tarting with "A", for details at the functional unit input,
and progress following signal flow. The letter designator
‘_shiould‘be a white block letter on a black rectangular
tield.

2) Present the end item detail drawings in a consistent
plane of view with sufficient detail to identify each end
item. Where letter designators have been used to iden-

Vi tify the location of details, repeat the same letter desig-

st _nator rear the detail and either group the detail drawing

: in a box, or use an arrow to point from the letter desig-

nator to the detail.

3) Idnﬁtify each end item in the detail drawing with an
X 'ﬁ‘fsbic.ziumber designator, progressing from "'1" at
the functional unit input, in the direction of signal fiow,
_to the functional unit output. Each number should be
S .locatgd"adjacent to the end item it represents, with an
 arrow pé!nting from the number to the specific end item.

: freﬁa”x"e an illustration key consisting of the number

LR T el
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designators and their correspending correct nomen-
clature, to be included in or adjaceét to the illustration.
Preferably, whe keys are used outside the art, these
shall be located below the {llustration and precede the
figure title, 8

5) Page size, type size, and figure identifi;catioﬁ cri;e’:‘ﬁ
are the same as the criteria for inteéraied dcbémﬂtict. g
Figur- 3-6 is an example of a parts location mnﬂ-tration
that meets the abovz criteria.

8. Develop End Item List and Functional Descriptioﬁ

The requirements of this activity are the preparation of a list of all end
iteme contained in the functional unit, and a functional descript on of th&
functional unit, segments, and end items. The integrated achemetie an&
parts location illustration should be used as a basis for identifyia( th& Qﬁd
items, and existing descriptive data should be searched for apprdpri:aw ’,- :
information for the functional descripticn. A11 source data used for thtl :
activity should be identified on the Troubleshooting Aid Data Sheet. ;

a. EndItem List fequirements. The purpose of the end item
list is to provide a standard terminology by identifying the correct nomen-
clature for all end items which comprise the functional unit. Front piﬁél'
identifying nomenclature for switches, controls, indicators, circuit break-
ers, etc., should be in upper case letters. Each end item should be iden-
tified by a sequential Arabic number, such that the number of the last end
item on the list represents the total number of end items in the functional
unit.

Figure 3-7 is a suggested form to assist in the development of this end
item list. The fuactional unit name and number are entered at the top of
each sheet in the liet. The sequence and total number of the sheets in a
list are also entered on thig line. The first column of tae list i:rovidei for
identification cf lower level scgments, when these segments have been
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1. TEMPERATURE TO BE T3 AVERAGE OF QUT-

A POINT 90 (£10) INCHES ADOVE THE CARGO
COMPARTMENT FLOOR,

UNSTALL MG PIN 3300C09-107 WHEN RIG PIN
I3 USED AT THIS LOCATION, INSTALL RIG
PIN FROM INSOARD SIDE OF INBOARD PEDAL
HANGAR, ACCESSIOLE THROUG
KEGULATOR ACCESS DOORS L

NOSE WHEEL WELL,

| DESCRIP- FUNCTION FOR
/' CODE| TION TENSION IN CABLE

RUDDER .
LEFT SIDE TURNS RUDDER _cFT

RUDDEX
RS | e sipe | TURNS WDOER RIGHT

RUDDEY
KRA | piGHT S DE TURNS RUDDER LEFT

RUODER -
RIGHT SiD¢ | TURNS RUDDER RIG HT

wag LN

SA,

>

. RIGHT RUDDER LEVER ARM

Iq
PILOTS RIGHT RUDDER PEDAL

PILOTS LEFT RUDDER PEDAL
LEFT UDDER LEVER ARM

PEDAL PIVOT Si'AFT

LEFT PEDAL PUSHROD

RIGHT PEDAL PUSHROD

RUDDER TRUSS CRANK LEVER
BRAKE LINKAGE BELLCRANK
HANGER BRACKET

HOLE FOR 3500009-197 RIG FIN

. PILOTS BELLCRANK LEFT PUSHROD
. PILOTS BELLCKANK RIGHT PUSHROD

PILOTS BELLCRANK

. HOLE FOR 3500009103 RIG PIN

. RIGHT TRAVEL STOP B3CLT

. LEFT TRAVEL STOP BOLT

. PUSHRCD

. PILOTS INTERCONNECT BELLCRANK

. HOLE FOR 3502007-103 RIG PIN

. PILOTS TENSION REGULATOR PUSHROD
. PILOTS TENSION REGULATOR

. HOLE FOR 3500007103 RIG FIN

. INTERCONNECTING PUSHROD

. COFILOTS BELLCRANK RIGHT PUSHROD
., COPILOTS BELLCRANK LEFT PUSHROD

., COPILOTS BELLCRANK

. HOLE FOR 3500007-103 RIG PIN

. PUSHROD

., COPILOTS INTERCONNECT BELLCRANK
. HOLE FOR 3500007-103 RIG PIN

. COPILOTS TENSION REGILATOR PUSH
. COPILOTS TENSION REGULATOR

. HOLE FOR 3500027-103 RIG PIN

'Figure 3-6
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1,

PILOTS RIGHT RUDDER PECAL
PILOTS LEFT RUDDER PEDAL
LEFT RUDDER LEVER AlM
RIGHT RUCDER LEVER ARM
PEDAL PIVOT SHAFT

LEF! PEDAL PUSHROD

. RIGHT PEDAL PUSHROD

RUDDEY TRUSS CRAMK LEVER
BRAKE LINKAGE BELLCRANK
HANGIR BRACKET

HOLE FOR 350C009-107 RIG PIN

. PILOTS SELLCRANK LZF7 PUSHROD

PILOTS BELLCRANK RIGHT PUSHROD

. PILOTS SELLCRANK

. HOLE FOR 3500009-103 RIG PIN
. RIGHT TRAVEL STOP BOLT

. LEFT TRAVEL STOP BOLY

. PUSHROD

PILOTS INTERCONNGCT BELLCRANK
HOLE FOR 3500009-103 RIO PIN

. PILOTS TENSION REGULATOR PUSHAOD
. PILOTS TENSION REGULATOR

. HOLE FOR 3500007-103 RIG PIN

. INTERCONNECTING PUSHROD

. COPILOTS B5LLCRANK RIGHT PUSHROD
. COPILOTS SELLCRANK LEFT PUSHROD

. COPILOTS BELLCRAMNK

. HOLE FOR 3500009-103 RIG PIN

. PUSHROD

. COPILOTS INYERCONNECT BELLCRANK
. HOLE FOR 3500007-103 RIG PIN

. COPILOTS TENSION REGULATOR PUSHROD
. COPILOTS TENSION REGULATOR

. HOLE FOR 3500009-103 RIG PIN

23. PEDAL ADJUSTMENT CRANK

34, CHAIN

35, CHAIN $PROCKEY

36, ADJUSTING SCREW

37, INPUT QUADRANT -

30, HOLE POR I506002-103 RIG PIN

39, RUDDER TRIA ACTUATOR

40, ADMISTMENT LOCKING SCREW

41, POSITION TRAMSAITTER ADJUSTING SCREW
42, ARTIFICIAL FEEL SPRING :

43, RUDDER CONTROL PRIMARY INPUT ROD
4, RDOLK CONTROL SUCONBARY INPUT DD
45, PEMAARY SERVOVALVE INPUT & PESDBACK LIMKAGE
46, HOLE FOR 360009103 RIG #IN

47, SERVOVALVE PRIMAKY LPPER INPUT LEVER
43, SERVOVALVE PREVARY LOWER INPUT LEVER
49, YAW DAWPER SEZVO

50, YAW DAMPER BELLCRANK

$1. DRG LINK

52, CENTERING SPRING

53, SYS 1 ACTUATING CYLINDER

53A, POWER OUTPUT LEVER ASSY

54, RUDDER TORQLT TURE

5. PUDDER

56, HOLE FOR 3500009-108 MG PIN

57. HOLE FOR 3500009-103 RIG PIN

58. SUPPORT BAR

39, SYS | LOAD LWAIT PILOT VALVE SOLENOID
60, SY3 | SHUTOFF AND BYPASS VALVE

1. SYS 1 FILTER

62, SYS 2 FILTER

63, 5YS 2 SHUTOFF & BYPASS VALV

64, SYS 2 LOAD LIMIT PILOT VALVE SOLENOID
43, RUDDER POWER CONTROL ASSY,

'Figure 3-8

Rudder Control and Trim System

Parts Location Diagram
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3 defined by the functional unit block diagram. End items contained in each G
segment should then be sequentially numbered (second column), and listed
in order of signal or energy flow from input to output (third column). The

: reference designator of the end item is entered in the fourth column. The
location of the end ivem within the total system is entered in the fifth column.
Information concerning end item interface with other functional units or
segments within this functional unit should be entered in the "Remarks"

5 column.

b. Functional Description Intent Criteria. The intent of the
functional description is to provide information to the troubieshooter con-

B cerning the perfcrmance of the functional unit in supporting total system

performance; functional unit segments in supporting functional unit perfor-
mance; and specific characteristics of the end items involved in mechani-
= zing the functional unit/segments performance. :

The foilowing criteria must be met to accomplish this intent.

1) Describe the functional uznit performance. This should
| provi le a general description of the complete functional
uni® performance, identifying lower level segmentz as
required, in the following terms:

(a) commonalities to other similar functional

unit perforniance,

(b) special characterigtics unique to this particular
functional unit design.

ot (c) interrelationship of the functional uait of con-
o cern with other functional units from which it
5 obtains energy, or to which it provides energy
: n or signals.

2) Describe functional unit segment performances. This
should provide a more specific description of the func-
tional vnit at the next lower level, if lower level segments

Vol. 7 3-28




have been defined. Consideration of descriptive terms is
the same as for the functional unit.

3) Describe the end items. Description of the end items
ghould be concerned with the following:

(a) unique physical characteristica not obvious
in the parts locatiou illustration.

(b) unique performance characteristics that sepa-
rate ihe specific end item from other similar

e€nd iten:.s.

{c) interrelationships of end items to mechanize
the functional unit/segment performance.

c. Functional Description Format Criteria. The following criter-

iz are presented in order to standardize the presentation of functional des~-
criptions, and to assist iz meeting the intent criteria,

1) Wording of Text. The text shali be factual, specific,
concige, and clearly worded so as to be readily under-

standable to relatively inexperienced personnel perform-
ing the work on the equipment, yet provide technicians
with sufficient information to insure peuk performance

of the equipment. The sentence form shall be simple

and direct, avoiding the obvious and the elementary,

and omitting discussions of theory except where essential
for practical understanding and application, or as re-

quired by the applicable detail specification. Engineering
2 knowledge reflected in the manual shall first be converted
o ‘ into the most easily understood wording poss.ible. Tech-

bt
; nical phraseology requiring a specialized knowledge shall
.3:; N be avoided, except where no other wording will convey

the intended mearing.
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2) Grammatical Person and Mode., The third person indica- :
tive shall be used for description and discussion, for i 2

example: '"'The torsion link assembly transmits torsional
loads from the axle to the shock str=t",

3) Paragraphing. The first paragraph in the functional
dercription shall be titled "General”, and contain «
general description of the functional unit. The lower
level segments, or principal end items, should be
identified in this paragraph. ‘he second paragraph
should describe the normal op:ration of the fu.jnctiénél
unit, from the input source, thirougk the eud items to
the output. The remaining paragraphs, in order of
presentation, should be concerned with alternate opera-
tioral rode descriptions, segment descriptions, and
end item descriptions. Each paragraph should betitied
with the name of the operational mode, segment, or end
item with which the description s concerned. The
complete title should appear in upper case letters, with
the descriptive paragraph starting on the same line. No
paragraph numbering is required. Where appropriate,
the rigure number c¢f artwork that supports the discuaiion,
should be referenced in parenthesis immediately after the
paragraph name.

4) Use of Supportive Art. The text should be supported hy
illustrations to the extent necessary. Illustratiors shall

also be used when required by the applicable detail speci-
fication, to furnish pictorial identification of parts and
tools. The minimum number of illustrations essential
for such purposes should be used. Illustrations serving
no specific instructional function should not be used.
Illustrations that are duplicates in appearance and content
of an illustration appearing in the same manual ghould
not be used; nor should an illustration be used which is
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altered in appearance by rearrangement but contains no
-different information. Titling duplicate illustrations
differently does not justify the use of the same illustration
more than once in the same manual. Use of illustrations
in the functional description should be limited to providing

o & additional detail not appropriate to parts location or

schematic illustrations. Figures appearing in the func-
tional description should be identified by the functional
description TSA number, followed by o dash and the
Arabic numerals progressing from "1", and should be
located a. close as possible to the paragraph they support.

5) Columnar Arrangement. The text of the functional

description should be arranged in columns such that two
colu.ans would appear on a page 8-1/2 inches wide. A
page, 17 inches wide would permit four columns, and a
page, 35 inches wide would permit six.columns.

6) Page Size, Type Size, and Title Criteizia. These are the
same 38 the criteria for integrated schematics.

7. Develop Preliminary Information Sheet

The réquirement for this activity is to provide the necetisary infcrmation
to allow the tecanician to prepare both himself and the functional unit for
ti’ouhlelhooting. To meet this requirement, personnel responsible for

aid development should review all maintenance activities appropriate for
the functional unit. This is necessary to determine tes: equipment and
porsonnel requirements, and preliminary conditioning of the entire system
neceseary for the technician to start troubleshooting the functional unit.
All source data used for this activity should be identified on the Trouble-

. shooting Aid Data Sheet.

a. Preliminary Information Sheet Intent Criteria. It is the intent

. o!;’ thi.l ;nformfation sheet to provide troubleshooting personnel with 2 sum-
_tanry of the prerequisites for starting troubleshooting. In order to do this,
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the following intent criteria must be met.

1)

3)

4)

5)

Vol.7

Provide a table of required test equipment. This table
should indicate the name, stock identification number
and use or application of all test equipment involved in
the troubleghooting sctivity. This tatle should exclude
tools considered as part of the technician's standard
tool kit.

Provide fabricstion instructions for special test fixtures
that are not considered standard test equipment.

Identify the personnel requirements for troubleshooting.
This information should identify the maximum number of
personnel required, and describe their general work
station and interaction during troubleshooting.

Identify the system configuration necessary to initiate
troubleshooting of the functional unit. The sequence

of steps {including appropriate notes, cautions, and
warnings) necessary to activate other functional units
that interface with the unit of concern should be des-
cribed. The initial setting of circuit breakers, switches,

.and controls necessary for funstional unit operation

should be identified.

Prepare a key of effectivity. Where different configu-
rations or model series of the same system type exist,
it is necessary to provide information of mechanization
differences between the series for troubleshooting pur-
poses. Iach model series and differences of functional
unit equipment configuration should be identified sepa-
rately and assigned a numerical key that will identify
differences in information to be presented in the trouble
shooting sid.

3-32
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b. Preliminary Information Sheet Format Criteria. Refer to
o l’igure 3—8 for an example of the format in which the prelimmary informa-

Specific front panel nomenclature for circuit breakers,
switzhes and controls will be lettered exactly as it
appears on the panel markings, and presented as white
letters on a black background.

Circ_uit breakers, switches and controls without specific
nomenclatyre will be identified by their common names
with black upper case lettering.

Sufficient piece-part identification should be provided

for fabrication of special test fixtures (when appropri-
ate) to allow the technician to order the required items.

4) Group circuit breakers, switches and controls by
location in tre table to reduce the movement required

of the technician in verifying or positioning these items.

8. Specify Sequence of Procedures for Checkout of Functional

Unit

¥ The requirement of this activity is to identify the sequence of procadures
- necessary to exercise ail end items contained in the functional unit. The
: f*bi't involved in meeting this requirement is principally an operational
mod' arialysie of the functional unit which results in segmentation of the
‘ tdtal procedure into discrete groups of steps, and insures proper secuen-
Loy cﬁhg of segments and steps by following the signal flow through the inter-
'-ia-i"*}ﬁﬁed end items appropriaté to each mode of operation. This effort also
wvolves a review of all maintenance activities appropriate for the end

S '
” ﬂms to auggelt the impact of servicing, alignment, and calibration re-

L1120

W‘ on the total functional unit performance. The scurce data for
ﬁpﬂ'm checkout procedurea should be identified on the Trouble-

¥
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Figure 1. Test Equipment 3. ROTATEPHON'S CONTROL WHEEL TO
< La CATED SY INDEX MARKS ON WHESL N

ON TOP CF CONTROL COLUMNS.
AN, BART, OR 2 =
NAME STOCK NO. USE AND AMPLICATION -

CONTROLS S7sitm | 3s00009 KIT INCLUDES AN INCLINOMETER
NGGING Kil {LOCKHEED NO.) | FOR MEASURING ANGLES. &W?&”&?&?&"&?f&‘? .
GAUGE, PUSH-PULL | DPP-50 - - TO MEASURE FIRCES REQUIRED TO DAMAGE T MOTORS S OVERLOAD!
DIAL (CHATILEON NO.) | ROTATE THE CONTROL WHEEL. "“‘555;6‘};3“',‘3’55 ‘&“&%}gfé& -l

ik APPLY UNSWITCHED POWER DIRECTLY TO

(tsa \o 400 INCH 4. Assume THAT CIRCUIT BREAKERS LISTED '

s el 5. ASSURE THAT SWITCHES ARE POSITIO
GENERATOR SET $115-553-8957, 10 ENGRGIZE ELECTRICAL CONTROL :

ms-m-o.ssos, CIRCUITS. !

61256696754 G g
HYDRAULIC TEST | 4920-870-0415 TO PAESSURIZE NO. | AND NO. 2
STAND Ok HYDRAULIC SYSTEMS, 1

4920-815-4248 -
TESTER, SPRING 6635-530 4496 10 MEASURE BREAXAWAY AND £
RESILIENCY, PORT- FRICTION FORCES AT THE CONTROL , "
ASLE (MODEL L-10) WMEEL, : o
TESTER, COMPRES- | 6615-578-5288 10 MEAZLAT CONTROL WHEEL
SION AND TENSION OPERATING ECREES OF 10 TO 20
IMODEL LI0-M) POUNDS.
TENSIOMETER 6635-530-1128 MEASURING TENSION IN CONTROL

_ CABLES.
MULTIMETER AN/PSM -4 MEASURING VOLTAGES AND
CONTINUITY,
PERSONNEL 2EQUIRED

TWC MEM WITH INTERCOMMUNICATION SETS ALE REQUIRED TO TROUBLE-
SHOOT AILERON CONTROL AND TRIM SYSTEM. STATION MAN A AT FLIGHT
STATION TO OPERATE CONTROLS, STATION MAN § AS REQUIRED TO OBSERVE
MOYEMENT OF AILERON CONTROL SURFACES AND LINKAGES, AND TO MAKE
NECESSARY RIGGING CHECKS AND CONTKOL SURFACE MEASUREMENTS.

AILERON TAK ACTRESS
ARERON TAS acrs )

EQUIPMENT CONDITION

b, ARCRAFT MUST NOT 8€ OM JACKS AND FUEL TAIKS SHOULD B
LESS THAN “ALF FULL,

2, RESEXVOIRY FOR NO. | AMD NO. 2 HYDRAULIC SYSTEMS MUST BE
PROTER. ¢ CERVICED,

IF NO, | AND NC., 2 HYDRAULIC SYSTEMS HAVE HAD
RECENT CORRECTIVE MAINTENANCE, THEY MUST BE BLED
AND CHECK OPERATED ACCORDING TO THE CORRESPOND-~
ING CHECKOUT PROCEDURE,

IF AILERON FOAER COF RGL ASSEMBLIES HAVE BEEN
INSTALLED RECENTLY OR HAVE BEEN INOPERATIVE FOR A
LONG TIME, RLEED THE VALVE DAMPER ASSEMBLIES
ACCORDING TO SERVICING INSTRUCTIONS FOR POWER
CONTROL ASSEMBLY SERVOVALVE DAMPER,

m See Preliminary Information
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110 HEITRAL POSITION AS INGH~ Figure 3. Preliminary Controi Setiings
HUBS ALIG NED WiTH SCRISE MARKS a :
- ey = _ CONTROL NAME SETING LOCATION
RIGHT AILERON SYS$ i ﬂ PILOT'S FOIWARD OVERHEAD PANEL
- moHr anconsvs2 | IERINEER | rrors ForwamD OvERMEAD PANEL
CIRCUIT BREAKERS ' ——
';gsnrm j Juerraneronsys ) | SRR oS rORWARD OVERHEAD PANL
THE MO TOR : " o
vt e LEFT AILERON 5YS 2 PILOT'S FORWARD OVERHEAD PANEL
1 AKERS THAT
i T3 THREE PRASEMOTORS.
i iN m 4-» ASE CLOGED.
kcomm 10 TABLE 4-I€.
q}r;? T R e o
e a7 iht m
e D\ A563-9073 THIOUGH 83-8077 1F NOT MODIFIED 6Y ECP LA-C141-100-181K AND AF63-8078

THROUGH 63-8037 IF NOT MODIFIED BY T,0, 1C-1414-416.

AFEE-2775 THIOUGH 61-2779, AF63-8075 THROUGH 63-8077 IF MODIFIED BY ECF LX-C14)-
&l::é &%203078 THEOUGH 63-8087 IF MODIFIED BY T,O. 1C-141A-816, AND AF33-

AF81. 2775 THROUGH 61-2779 IF NOT MODIFIED 8Y 7.0, 1C-141A-788

(AF$3-8075 THROUGH 63-8077 IF NOT MODIFIED BY T.O. 1C-1414-788 & ECP LH-C141-106-181K

AF63-3078 THROUGH 63-8079 |F NOT MODIFIED BY T.Q. 1C-141A-788 & 1.0, 1C-141A-616
AF§3-808) THROUGH 63-8078 IF NOT MODIFIED 8Y 1.0, 1C-141A-733 & 7,0, 1C-141A-616
AF$3-8030 THROUGH ¢3-9078 IF NOT MODIFIED AY 1.0, 1C-141A-788 & T.0. 1C-141A-41¢
AF§3-8082 THROUGH 63-9087 |F NOT NODIFIED 8Y 1.0, 1C-141A "2 & T,0. 1C-141A~1

AF61-2775 THROUGH 61-277% IF MOGIFIED 8Y 1.0, 1C-141A-788

AF§3-8075 THROUGH 63-8077 17 MODIFIED BY T.0. 1C-141A-788 & ECP LH-C141-100-181K
AF63-8078 THROUGH 63-8079 IF MODIFIED BY 1.0, 1C-141A-788 & 1.0, 1C-1414-614
AF&3-808) THROUGH 63-8079 [F MODIFIED 8Y T.0. 1C-141A-788 & 1.0, 1C-141A-418
AF83-9080 THROUGH 63-807% IF MODIFIED BY T.0. 1C-141A-788 8 1. 0. 1C-141A-618
AF63-8082 THROUGH 639067 IF MODIFIED BY 1.0, 1C-141A-788 8 T.0. 1C-141A-416

AT 63-8088 AND (P

TERMINAL STAIPS INSTALLED IN AF 43-8073 ANC UP, LEADS APE WIRED STRAIGHT THROUGH
IN AF$1-2775 THROUGH 61-2779.

AF 63-8075 THROUGH 63+-8077 IF NOT MODIFIED BY ECP LH-C141-100-181K

AF €3-8078 THROUGH 63-8087 iF 4O T MODIFIED ¥ 1.0, 1C-14iA-61¢

AF 61-2775 THROUGH 612779 (F MODFIED BY ECP LH-C141-100-181K
AF62-8075 THROUGH 63-0077 IF MODIFIED BY ECP LH-C141-100-131K
AF§3-8078 THROUGH 63-8087 IF MODIFIED SY 1.0, 1C-141A-416
AF63-8088 AND UP

AP§1-2778 THROUGH 63-2779, AFA3-8073 1HROUGH 63-8077 IF MODIFIED BY ECF LK-Cl4]-
m-n:fﬁ am-wn THROUGH 63-8087 IF MODIFIED BY 1.0, 1C-141A-616, AND AF63-
8CAS A

T e
ASE A ﬁr&m"ﬁc’rgo.‘n NO. ;
mased  Jmamnacno. 1| not
ASKC | MAINACNG.1 | NO. 1
a |Manacno.3| oo
asts [manacno. 3| o
awast e | mamnacno. 3| Nad
| ESSEN AC MO 1 NG. 2
4 _ISOLATED DC NO. 3
LI :ts« *poc NO. 3
' ISOLATED DS NO. 2
vic:qno nC NO. 3
: ISOLATED OC NO. 3
. MAINDCNO. 1|  NO. 4
MARPENO. 2| NO, 4
MAIN DC NO. ! NO. 4
MAINDC NO, 2 7. 4
MAIN DC 8O, 2 NO. 4
MAINOC NO, 2| NO. 4
MAINDCNO. T | NE. 4
MAINDE WO, 1] NO. 4
‘ PMAINH{;NO. 2]  NO.4

Figure 3-8  Preliminary Information Sheet
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shooting Aid Data Sheet.

The sequence of procedures will be adequately specihed when the fouowing

criteria have heen met: i ; ", 7 e 7 ' e ;;_
a. All positions of all switcbet and each meraﬁag cﬂa&d m f_'--‘
be exercised by the procedure. R w__

b. The procedure must be dﬁve-leped in terms ol gros
seginents. Identification of these segments may be baseé’ e&
necessarily restricted to, the segments dpfmed on tht f etior
diagram (Activity 4). e

¢. Sequence of segments must be specxﬁed in er&v}"‘
the functional unit for operatior. A sugges ed list of segmeﬁts '

1) Apply energy source.

2) Establish zero reference (1f approprwte for

unit).

3) Checkout control input (if apprcpriate for,fimcti-qﬂgig'
An example is checkout of mechanical ri.gm-- e

unit, to null input and.catout, and to "bleed" .
components and/or free mechanical fmction mvﬁm

from functional unit inactivity). L R R

5) Operate in primary mode.

8) Operate in secondary mode (if appropriate).

7) Operate in all additional modes (when apeproyrtatc) -
Each mode should be treated as a a»eparnte samen:

8) Perform special tests (if appropriate]. Such tests ux%&;- i)

v




(a) Simulated environment

{b) Self test

_ﬁ Shut déwn aud remove energy source.

Proeedurea which can be exercised as options after an
él ltep and before the next energizing procedural step,

“ .." aﬂd specﬂ'y the results in terms of expected nominal
-ﬂte-:toléi'anc-es.

s'eq,uencmg of either segments cr steps is not dependent
functmnal unit mechanization, spec1f) the sequence to

down the left hand column, and anter the principal end items
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The requirement of this activity is selection of either a Symptozi:*Caix’s-é‘
Chart or a Maintenance Dependency Chart format as the best means for
presenting specific functional unit troubleshooting information to'the tech-
nician. The format selected should be s1mple in terms of mterpretatioa
and should provide sufficient mformatlon to permxt the techmcian to
accurately isolate the malfunction with a minimum of time and effort. 5

Since a malfunction symptem is the result of an intérrupted or di.Bttn'-‘tlt'!f_é'ffz
controlled signal flow, the troubleshooting aid must be capable of -identi-
fying every possible source of interruption or distortion. In vers mmple S8

systems with few components and a singular signal flow, Symptom Cam
Charts may be adequate. : ' SEILIE RS

The utility of a Maintenance Dependency Chart is most fully developed wﬁeg
the signal flow diverges as a result either of switching actions or pruper ’
end item function; when signal flow occurs through separste but depemient

paths; when signals converge from either separate sources or: through =~
separate paths, and when the troubleshooting procedure is so corf;pié"x_‘,ﬁhgt,
an extreme amount of verbal redundancy would be necessary to prese;xti.aii -

necessary information concerning the dependency of signal flow to dééqribe -

the required operations.,

The above ground rules represent the preliminary screening technique.
Based on the knowledge of the functional unit acquired during d:evélapn‘z:ent
of the integrated schematic and sequence of procedures, personnel regpon-
sible for developing the aid must now consult the criteria for either type of
aid to determine which format to use. The criteria for Symptom-Cause
Chart format are discussed in Activities 10 and 11, and the criteria for
Maintenance Dependency Charts are discussed in Activities 12 and 13.

10. Specify Failure Modes

The requirement of this activity is to identify all symptoms resulting from
the failure of each individual end item and interfacing functional units
during normal system operation. In order to assure identification of all




tified in the third column. Such entries might include:

"open"' "fails high" "fails low”, or short descrip-

': ratmnal step. The fifth column should 1dent1fy the location’

."~-8"hbl11d be entered in the "Remarks' column.

,‘n?b{}his activity is to present the troubleshooting information
-Capse Chart format. Figure 3-10 is an example of this
Chart format. Completion of the failure mode analysis
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tp one. relatzonship must exist between symiptom and
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FUNCTIONAL UNIT, MO

FAILURE MODE

INTERFACE FUNC UNIT/
END ITEM

FAILURE MODE ANALY IS OF

v

OPERATIONAL
PROCEDAURE




MALFUNCTION IN STARTING AODE (CONTINUED)

bl Moty - bbb e i B e M S e i e LS

W ACCELERATES | Defective exclier wit. Replscs exciter wnlt, ENGINE "LIGHTS-OF” | B
TR STARTEA SUT FALY SUT FAILS TO ACCEL-
10 "UIGHT O7F°, ERATE TO IDLE SPEED
1 {CONTIMNUED) (HUNG OR SLOW STAR
{CONTINUED)
Z Fusl control xuifunstion. ¥ all the above itens have
; 3 PUTR v the fuel control, EGT, WITH OR WITH-
WWSW Sorter spead 190 low due | Ches - starter contiol valve for proper fisplace the wilve, .
FARS TO LE- %o Incdequate alr aupply | oparation,
FATE TO OLE § 1o storfer,
(HUNG OR 3LOW START) Chae ale wpply . Torn off all preumatically op~
. crated .z;.tp«m and attempt Ing
1o start the engine. K engine
¥ g i otiil oo fow lo- =
et
sxtomal @ .
s oppliceble.
Fuel
5 fung
Siarter qui~out relay Check maximus speed that starfor Rsplace starter. EXHAUST GAS TEM-
opeizting %00 scon, {plena) will volale engine. Ws‘ﬁfﬁé“s’?m E
i . IM| .
frremmgl taterfecence Discontinve slart und listen for rubbing Replocse the engine. SEE MAINTENANCE
between rofuting poris. | or acruping #~unds during cdast down., .:?glg:lcliﬁgum gﬂ
A% tropped In fonl Bleed centro! 7 sxercliing TEMPERATURE CON- ;
sythem, power lever. K reeults are DITION.)
umatisfaciory, bleed contml,
Constant speed drive Dlsconnect CSD,
not disconnacted,
P, elog lia Chack tube for lacks and crucks., Cysreom look or reploce [ 1
Fuel control mal- Check sngine frim, ¥ retrinaning the engine i
functioned. does not renw.dy the troublr,,
replace the fuel control.
Fue! control linkage Check angle of pointer at fuel conirel Corract rigging of i .
: ; engle of poi " d tigging of linkage .
: . Ing
o Cumer ] Disconneat | Tewm ond chack for Remove resiriction.
£ ok | Mo
4 Laaks or rostrictions Chack for leaks or vestrictions, Cleen filtwra. Repale or re-
g in fuel systom. Su~ Mmuchﬁﬁnlw ploce components as necan-
-— post los oon- or fuel filters. ory.
' disions condua v % i
lalng. ENGINE ROTATES Defi
% Defective fuel cenirol, | Chook fual flow gage for sl TLIOHTS OFF BT |
z . n‘m 3l eontrol Roploce fuel control oL IGHTS OFF® BUT
£ 1 ovtput, WAIL nomally indioate mini- ACCELERATION BE-
it wum fiow. Wm sirsing COMES SLOW AT
i3 macharien not lently senltive TRAMSITION POINT
k. : «f tranettion point to permit further INSMUM FUEL
acaslemti, LOW ).

Fi




re

REMEDY

Replace wxciter unlt.

ﬁ:mmmm
o boal adelts Y

Reploce the valve.

Tum of all preumailca!
erated squipment ond cfz::f-

10 start the engina. I engine
mkﬂmmb« me-
the APU or the

axternal afr swpply, whichever
s appliccble.

Replace storier,

Replace the angine.,

Bleed control by exercising
power lever. ¥ results ars
unsatisfostory, bleed control,

Disconnect CSD.

lock ot reph

P

;.')

¥ retrimming the englne
doss not remady the troubie,
roplace the fuel control,

Correct rigging of linkage.

Remove restriction.

Claon filters. Repalr or re-

ploce components ac necess-
arys

Reploce fuel contrel

HIGH FUEL FLOW. KIGH b-umwal ws ohabor and
CUY TORCHING oroed g v oo S
Fual control mol= oot snivol 1
m. P’ -l .‘, ____;:1
mMSEERs | B =
ITS DLRING START. - - LB
(SEE MAINTENANCE Defacilve siorter Check imximun speed ot which siorer Replane starter or cls valve
REQUIRED systens, rofrtes angine. o)
FOR ENGINE OVER- :
TEMPERATURE CON-
DITION.) .
Siaster eccelonating Chezk the alc aupply o the starter, ¥ the ale pregwre Is e Yo
onghne 100 clawly. check ook b
WMo i ¥ N
Check that the compremer unloading ¥ the velve I shusk clessd
valve ls open. vaben, 2
Chack thet the sterter contesi vaive s the Wirtar sonteni
fully oson whan the starter swlich is vahe, ’
Ma .
Fuel prc - sizing ond Chack that the veive I8 when Repicce the valve,
":;Mu:t‘dah« ﬁqhhumﬂﬂ. i
ng fuel From englne ot
shutdown,
Fuel eonirel over- Chack sglre trie end dhrcitle ¢ A Tebon the fuel soptesf @
trimmed., 7y B odiuat thé thetie rigyieg .
Defective fusl system. | Fuol flow must ~ot ensesd 1200 pph IF the foel contrel aaront
doring ehert. be triminod, rapicee it
ENGINE ROTATES Defeztiva fusl control. |  Check fusl flow tlow = Replacs Fosl sonwe) §f
WITH STARTES AND ortlon. Wl m'-'-'-'l&r wini= serdlilen bontoes badeter
=LIGHMTS OFF" BUT mum flow, [ ] adle.
ACCELERATION 8¢~ wechealn not lently ssasitive
COMES SLOW AT at tvarsition point to facter
mn_smou FCINT feration, Becomss wense with

Figure 2-10

Example of a Symptom-Cause Chart
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The operational mode in which the symptom occurs must be
o idcntified. j

P

1)} Include the operational mode in the symptom description.

2) If there are several operationzl modes, prepare a sepa-.
rate chart for each operaticnal mode and title each chart
with the name of the operaticnal. mode.

d. The Symptom-Cause Chart must be & four-column format. The
4 iour colnmns ave titled: Symptom, Probable Cause, Isolation Procedure,

e : s 1») Group all similar symptoms and make a singie symptom
' description entry in the Symptom column. Separate all
4 o B different symptom descriptions with a horizontal line
do-5 0 b across 21l four coluinns.

2) List each possible cause of the symptom in the Probable

Cause column, with the most probable cause appeari-:3 &

first and the least probable cause appearing last. Separate

all probable causes with a horizontal line across columns |

E two, three and four. !

3) Specify the procedure to follow in isolating each probable
5 : cause in the Isolation Procedure column, directly adjacent
Wl S to the probable cause for which it will isolate.

4) Specify the action to be taken to correct the malfunction
o in the Remedy column, directly adjacent to the isolations
3 procedure that identifies the cause.

-
v e 3 G
e o e Pt ot .7 Bt o

N 12. Specify Maintenance Dependency Chart Interrelationships and
K29 . ¥oult Isolation Steps

| ‘i‘h& rcquiromcnt of this activity is to specify the interrelati. "ships of all
Mo ; M it‘fnl by the operational procedural steps, identifying additional steps




when aﬁprop‘riate to isolate the malfunctioning end item, dnd describing the
characteristics of signal flow at available checkpoints identified by the i
specification of end item relationships. This requirement can be met by
converting the procedures-by-end-item matrix (dcveloped in Activity )

into a rough Maintenance Dependency Chart, and adding test routiaes as
substeps under the procedural steps on the matrix. .. )

a. Characteriatxcs of a Maintenance Dependancy Chart. A o
Mzintenance Dependency Chart is a chart which illustrates the depeaﬁtncy
and interrelation of 2ll elements and functional entities within the equip-
ment or system by use of symbols. The dependency charts shall #reﬁﬂ
data necessary to diagnose the equipment. These charts shall écﬁcﬁn t,o
the following:

1) By graphic means, show all of the circuit interdependta»s
cies in such a manner as to facilitate troublemmj "3

2) Identify all significant checkpoints and indications mcu-

sary to troubleshoot the equipment. These must be o :

arranged in a maaaer which minimizes the number of
checks that a technician must make to isolate a malfunctioi.

3) Present all signal data (waveforms, angular niotio'm,
timing, voltage, pressures, etc.) in 2 manner to facilitate
its use in troubleshooting.

4) Relate key troubleshooting to procedural data (lurn-on,
adjust, calibrate, operation, alignment, and performance
check).

b. Criteria for Development of a Maintenance Dependencl Chart,
The chart shall be laid out in quadrille fashion and shall consist of the
following four basic parts: headings, notes, procedure, an. body. Column
headings list the name and hardware loestion of functional etitit!.es, circuit

eleménts, and event indicators. An event is defined as an action, br tha
presence of a voitage, signal or other data at a defined point, that results
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ol .tk wmm that occur in the column below. The procedure

st

LPiok e il Y a5 o e s A i Sttt st e

1) ___M Column headings shall list the name and
* location of the action indicators, event or availability
points (i.ucluding avsailabilities {rom other functional
: mﬂs) and end items (also referred to as functional
' cutithl or circuit elements). With the exception of
A _mdabilitias existing at schematic test points, this
0 .iﬁm'mation shouid appear across the top of the proce-
X dures matrix (Activity €) and in the end item list (Activity
: 8.

3  {8) End item or Fusctional Entity Entries --end ‘ -‘ :
: ; items, circuit elements, or circuit element

e i i A A Mt i i

groupings (functional entities) include:

{1) Part of a circuit element
(2) A circuit element
(3) A siage or group of circuit clements

(4 5 group of stages

(5) A rezlaceabls module or group of modslesn,

TP L g ——

Az sbown in Figure 3-13, the extreme top of the MDC
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Figure 3-11

Typical Maintenance Dependency Chart
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‘Heading section {the area abcve ihe slanted circuit element
aatry column) is reserved for end item identification and
Mcai location information. All functional entity nomen-
W shall be consistent with that appezaring on the end
ftam lias fAotivit= 8Y, Aszembiy numbeis, colloguial
m, or abbreviations may Le used as a reference key.
 Once the location informatmn has been spelled out on the
HDC it may bs sbbreviated where appropriate on the
ramsinder of the sheet. In the event that a single circuit
~ clemens is the end item, it is not identified again in the
ind item entry area. When adjacent columns refer to
;ﬂnm m the same aasembly, the location identifier is

b s

W 90 that it applies to more than one column.

tir

M *nné Entries Events include such conditions as:

5 '..'fl} Availability of signals or power inputs, including 2
AL i.nputs from other functicnel units or test. eqmp-
5 ment {when required).

{2} Indications that may be observed.

(3) Conditions or statea of the equipment, i.e.,
_ relay energizes, temperature normal, motor

: “ﬂn c»chma headinm for indicators of action that are

T 'mh& bhck with white lettering. All other column headmgs
: :nm &wh&te background with black lettering.




black background, During development, this is illustrated
by placing a box around the letters to appear on the block,
and blocking in the upperhft h&ﬁdemd&cb«q
follows. See Figure 3 10 for its. ammm m nﬂ:

m: . X i

o
S

measure are listed as follows. Seei‘w
its appearance in the MDC heading. .

POINT OF MEASURE POINT OF m
m-a/rns-o -

¥

m-3/4 L R
TB24AV~4/GND

Signal Specificaticns -- Specifications or dascripﬁm A

for the event cr action to be observed or mcuurod q8e0
shall be refercnced by a number located in a box at :

the base of the column heading. The specification 2
numbers at the base of the column heading shall refss

to signal specification notes in the right-hand margic



- eacl Mim' wm shatl begin with the
mi‘ﬁor 10 identical specifications, i.e.,
esfrm the same specification number.

’Précemnl steps shall be provided

‘o colv.mn and the operational check»
v _7',_'8) to provide for direct access to the
t step frem the operational checkout

dependency chart ate-ps may have addi-

piar ¢

o ey -

e




3) Bod Z The body of the chiart shal

N horizontal linu on which _a}‘(:,

branch shall be 1d=nti£ied as a te‘t“ 1

or circuit elementa xn the s_'
the body of the chart:

Event Box: I | To répresent.i_di‘e

Functional O
Entity Dot:
‘entities.

Dependency A To indicate dependency uxm
Marker: ~another event.

i

F

. Special coafigurdti_,mn of the basic symbois are 4

by




aomehmes uaed to advantage. Most of the fre-
e qmntly used vamations of the "three basic symbols
] are prueﬁt&ﬁ in Figure 3- 13.

(1)g Eﬂvm&Box ~-- Nomenclature in the event box
: Aé .~ specifies the type of action or availability of
 the event. The definition of symbols table

; ¥ £ lists the various nomenclatures that can ap-
péir in the box and their meaning. To assist
in determining the accessibility of the events
indicated on the Maintenance Dependency
Charts, three distinguishable kinds of back-
grounds are used within the event boxes.
These backgrounds and their uses are:

Events which may be recognized from out-

gide the equipment. Examples are: Front
. panel meters, fron: panel lamps, PPI dic -
‘play, motor running, etc. Notice that this
recognition includes events other than those
which may be observed by sight.

Events which may be determined or cbserved
only after the equipment enclosure has been
opened and which are readily accessible,

L (Thése events may or may not require the

| use of test equipment for their recognition. )

vanta which are too difficult to gain access
t:ui whieh require the use of test equipment

T R
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- MEANING

b

s z

15
Emllgﬁ@

i‘{ ,

EEEmE

Evcfwtydoibcqumlndummdm
" Black: FMMI Wa‘ﬁmuﬂkh

mm... ..m..,..m‘é“'""“m ¢

2 T

Wh:b‘l”!whheem nquhu Mw

Signal ot avalloble, S 2

SR R

Signal available and within specification,
S ol available and within spacification, MM«
procedural eondﬁcn, weircdtp-ﬁa

Pemains avolloble, wmwﬁmm, Mm' 2
é'l'iom*prcudu-l condition, «chcutplh

Front panet indieator lit: Rlamant im-

Indicator flashing, “in =
Motor runs within .spcciﬂw.ejon.'.

Raloy or lpochl‘pmpa;,wikh enorgized,
Relay or special purpose Mﬁeﬁdo—dmnl-@,

o

Mastor stops running,

Ind!cutor roads within apcdﬂanﬂm,\but undw !ﬁu-
ent procedural condition or circult path, :
Previowsty lit indicator goes out,

Functiona! entity closed,

Functional entity open.

Functional entity extended.

Functional entity retracted,

Mmmllmllw avent or condl
in column above proof morker i o |

Evomhdopondomwmcndmm«m-
flon in column above proof

Special note pertaining to further ident!ficetion of
functional ertity, _

Speclal note pertaining fo aircraft affectivity.,

FUNCTIONAL]

:)meoo bO|b»

Clreult or circuit elument that must function properly
for evert on same line to occur,

Indicates functional entity requiras more ehsn ons event
0 prove proper operation,

Ne ocntaulty through binory element,
Continvity through Mnery elewsent,
Redundent circuit slementy; either will produce event,

Pigure 3-13 Definition of Symbols




_,_:;'tﬁiri are several variations nf the functional
) my dot. One such varistion is the partial
i det (:0 ) that indicates the functional entity

,,' _.iﬂ‘hich it represents is ‘only partially involved
A __ia producing the correSpondmg event. Other
.'vtmuomﬂ of the functional entity dot are
ribed in Fxgure 3- 13

Iicpsndency Marker -- A solid triangle is
.;. :md to 111ustrate the dependency of a fol-
i Lﬁi’ing event upon the availability or exis-
: '; “&ct ofa previous event. When any of
multiplo events may satisfy the subsequent
chpmdancy requirement an open friangle
w.tth the llttor R shall be used.

! _.' oI dcpcndency markers, functional
0 mﬂ avent boxes connected together.

SR =T

- e et s s s St vy e i

B

oAl AR




i ) : e ﬁ;_ ?
G| indicate that th e ([ h
o meaning except to cate c event (|
} is dependent upon the proper operation of thz
i functicnal entity( * ) and thu nvailéimy ot | ;;
s some previouz evﬁat f& ¥ 3
In order to providt mc;ﬁiug ta,tﬂs L
=4 line, the symh-oisv are ordered int
~i types of columns tb# eﬂﬂ‘t
.:' and the functional entzt' cols
The event /dependency cqinﬁﬁ:
boxes and dependuney marker he &
b event/dependency coluran m pear
g follows:
2 o - v
' The functional entity coki consists otw o 5
functional entities, even though tben WY re
may be depicted more than once. The s :??
form of a functional. entity column would W
as follows: I I e LEarE ”
(1) simple Dependency Line -- A functional
entity with one input and a single output
results in a simple dependency line as
8 | BLOCK DIAGRAM follows: MARTENANCE oev:neeucv CHALT P
: ® 5.




-Thf MDC shows that ihe output event at &
dipewnt upen functional entity 2z and
: x& mwt event at (7) .

tional entity with more than one input and
a lm.i& output as a multiple input depen-
dcaey lino is shown as follows:

- MAINTENANCE DEPENOENCY CHART

e/8/~/®
Al A
e an al

The MDC shows that the output event at @
is dppondent upoz functional entity 2
;‘:md the input events at (1) and (@ .

' ﬂ) \H_;dtiple Output Dependency Line -- A
. functional entity having one input and multiple
outputs is a multiple output dependency line
e g}mn”as follows: o
: M MAINTENANCE DEPENDENCY CHART

g___: é)«'@@

HLQ-AA

The MDC shows that both outputs at (2) and
@' are dependent upon functional entity 7
and the input event at (3) .

{4) Dependency Chain -- A dependency ctain

. consists of a series of interrelated depen-

S dency lines. The following example shows
‘ 2 dcpcndmcy chain consisting of two depen-

e A e PR




el 7 ot i -'- 1l L
el iy e

Y -

} = ek
1‘
i r\ s @ § -« ok
(a). Serial Relatiomhxpc. Aﬁm' ,_ 84 %” =
relationships . are iﬁom % ilows: !
1
¥
£

(b) Paraliel Relationship. As a rule paral-
lel relationships are shown as follows:
MASSTENANCE DEPENDENCY CHART

DO QOTOLTC LS Q@/

AlA

A ;
& e

A & x

(c) Serial-Parallel Relationships. Ths
following example shows clearly by ita
structural layout that there are three

3-61




separate parallel dependency chains. ]
It s21so shows that one of the dependency
chains has several serial relationships.

£ / }
Y 2 (oY 2 foY * (oY o
-0 A !

=t A

{d) Parallel Divergent Branches. When a

path diverges into a number of paths, it !

: _':-.: is depicted by an event/dependency col-

umn using a single event and the approp-
riate number of dependency markers.

N Ty w g

Thig gituation is shown as follows:

e

HAINTENANCE DEPINDENCY CHART

>~/ A VA TE T 1
a !
L~ & A

& 94 A

&= A

(e} Parallel-Convergent Branches. When
paths converge into a single path, they




are depicted by an event/dependency
coluran using a2 comporite event and a
singie dependency marker. This

: lmutim il ghown thus: y

Q—E.‘_ _ Y ~
afatal i3 E g A
e THAES A [ o
o e Sr—ji2l | -',_".:-';.\;.k_%,; A

3

4}4 n
¢ X,

following ex&mgl& Hustrate
in which both difverpm _
branches exist. '

BLOCK DIAGRAM

]

| ®

pe A

i
{(5) Time Delays -- Protective time delays,

which occur after a procedural step is
initiated, are illustrated by placing e band
of screen shading horizontally across the

page immediately after the entry of the time
delay device. Time is assumed to begin
with the setting of the switch that initiatee
the atep in which the time delay occurs.
The length of the time delay is indicated
within the shaded band. When the time

3-63 Vol: 7




delay is not direcily related to the step,
Spcciﬁl ncutims may be added within the

'-;Ei.ﬁ (+1.5) seconds after tbe
| step was accompliched. ¥ 4

indicates that e n is _ -

aofl - ——

R

Emk Lwoop -- When the output of a cir-
- cuit is sent back to appear aa part of the

2 input to the circuit, a feuedpack loop exista.
' To disclose the functional dependency of

Under these conditions, thé normal (main)

input into the loop, plus a propei- stimulus
e ingevted at the break, will result in a known

' output. Breaking the loop allows functional
dependency to appeer as a simple serial de-
pendeacy chain.

Feedback loops are identified in the proce-
dure column and enclosed in a manner simi-
lar to checkout stepa (refar to example
Feedback Bleck Disgram sad Maintenance
Dependency Chart below).

#v 12 loop requires that the loop be brbk:en.-

1]




&

closed area. Directly below tﬁe 1cloB
area, the dependency ltmc%m oﬂ' &&m

horizontal line consisting of a dcm den
marker, a series of dote, and an oatput

in other words, the line shows that if tbu :
input to the loop is available aad all Mﬁtﬂ
al entities within the loop are good, then ﬂn
output of the loop is available. Using thm
technique, the detailed dependency u&rucm
of a feedback loop is disclosed while ulso
showing how the loop as a whole Iita {nto the
general dependency scheme of the MDC




m

(8)

when normully connected.

complex deperdency chain produééa‘ an end

- availability which provesa a group-of func S

ticnal entities good under one mode of upera-
tion, it mey be proven good under another
raode as follows:

% o
wooE |  |Al
ate{i] -
: S04 AL
MODE 2 |22
ys AZ | MOOE T

The two end availabilities above (furthest to

the right) are measured at the same physical
test point. The last line is interpreted thus:
ifA2 at@ is now available, and if Al at e
was available during mode 1, then A2 at @
is available for mode 2. This implies that

all functional entities required for mode 1

“are also necessary for mode 2. The words

"same a8 mode 1" eliminate the need for
redeveloping the entire dependency chain of
mode 1 again for mode 2.

Binary State Symbol --A variation of the
circuit dot is the open circle containing a

line in it, Thie symbol represents a cir-

cuit element rwhi.ch assumes one of two
states, Examples of such elements are

relay contacts, hydraulic valvez, and thermal

»

Redundant Depe_ndency_ Chains. When a - - _._...fiT

-

s L
s

B




{d)

gwitches. The symbol ( e ) indicatee con-
ti.nuity, w&wreas, ¢ @ )mdm diamg-

the chart. Inputs are geuerguy" ro
left side of the chart. Outputs are
grouped at the right side of the chm
conditions, such 2s "Equipment 'rem._
Normal', are included as appropriate in
dependency scheme.

Distribution Points --Other dependency chas
may require the availability of a signal th&t it
generated on thie sheet. For easy access to
thie availability from the other dependéncy EAR
charts (or from another sheet of the same cl&qr—t).
it shall be located at the right ct the MDC aud. ﬁ’
referred to 28 an End Distribution Point. M
the availability point where it would normally
occur (only if a dependcacy marker appears in
that column) and repeat the event nomencisture
entry and availability symbol as far to the right
as possible to proﬁde each accesas from other
parts of the dependency chart.
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A A

Tdentification of Circuit Elements Within a Higher
COrder Assembly -- When & higher order system
{black bex) is requirad to function in the circuit
 to produce the availability of an end it:m com-

_ m that system, the black box should be
fta:f!st;g?ed as aa entity. An example is illustrated

P wwwbera operation of the generator is re-

w q;;ired to produce a signal at winding terminal

L3. Inthis example, the generator is the circuit
element required to convert the energy from the
-'_cfepwdency-(shaft rpm) to the availability (115
_vae) et an accessible tes: point (terminal L.3).

" The partisl symbol indicates that this path does

(f) Mechanical Relationshipe -- Mechanical systems

. . such a8 gear trains, follow energy relationship

iaws as do electrical or hydraulic energy flow
systema. Such mechanical systems shall be

- depicted and charted in the same manner as

~electrical or hydraulic systems.




hmc {

4) Signal Specification Notes. A dependency notes table shall
list the description in terms of nermal reading and tol-

erance data of voltage, .'evolutions per minuye, preamgz"o;..
etc., or black on white photographs of waveform and 0y
tolerance that are associated with each of the k}dicatﬁeﬁ&
calied for in the box at the base of the column hiading

(see Figure 3-11). Waveforms shall be retouched onlyxa :
as required to enzure that the pertinent technical mfor— '
mation is visible, i.e., rise time, pulse width. The ;
indication for an event shall be identified by a nnmbq’r
identical to the number listed in the box. Only those
signal specifications needed for a particular MDC lhuﬁ
are included on it, ’j—-":-".'.

s

When different design series of the system rtquire norm-
readings and tolerances, that information mey b&l ag

by a triangle with the series designated by a numbc! iﬂ-i ”-M,
side the symbol. This number will agree with the v!!ec!.’ih-'
vity key appearing in a table on the preliminary infot‘m#hn
sheet (Activity 7).

13. Prepare Maintenance Dependency Chart in Final Form

The requirement of this activity is to identify the interrelationship of the '
functional unit end items and interfacing functional units in the formal MDC.
format. This is accomplished by rearranging the rough MDC developed

in Activity 12 to meet the formal MDC format criteria identified in the
following discussion and in the specifications governing MDC presentaiion.

8. Size of MDC Sheet. The size of a single MDC sheet in final
form is 11 inches high by 17 inches wide.

b, Size of Body. The maximuwm space allocated for the body of
the MDC is 6-3/4 inches high (including signal specification number ontry
box of the heading) by 11-1/4 inches wide.
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mriesand 37 events. Figure 3-14 below illus-
dOQbhaheet MDC layout when this approach is

gr;;\;ﬁga shall be arranged in a paralielogran,,
n of whdch is horizoniel, and with sides and entry
n linss sianting from lower left to upper right at




45 degrees. The langth of the bottom correspoads to. . .
the width of the body. snd the length of the :.ide is 2- 3/18
im,hEIo : '-=. ol Lo R -'-'“A'..‘ 3

> AW

‘i'l_ -;q.\.' ﬁ"' ] i

2) Space allocated for romowbh onﬂty tmﬂu irs Iil 185 7 G
iaches high, and width corr&sm to the W j *ﬁ’-ﬂ
207

7 ‘*“‘ﬂr#-

3} Space allocated for location entz‘ioe il ﬂ‘. W hﬁp P

and width corresponds to the body. g bo” .-_»:' LE __::j_-:“m?:

d. Size of Procedures. The maximum tpnce alhemé
cedures is 2-1/8 inches wide by 6-1/2 inches high. = .

£

-tu.i

.4!,
l

e. Size of _S_n,ﬂal Specxﬁcations Notes. The muimum ms—g\{-& 2

including signal specifications title block.

f. Deviations from Maximum Size, Deviations from batx\l mztﬁ*‘
size are not permitted. Deviations from maximum size of body W'\ﬂ .4-'.‘
heading, or note entries will use space otherwise allocated; t!mremm. b&;ﬁ‘
sizes may be exceeded only when it is possible to sacrifice l?ace ethnzmﬁe

allocated.

g. Adherence to MDC Preparation Instructions. Adherence to S
the MDC preparation instructions with regard to non-repetition of end itbmu
and unnecessary duplication of identical paths resulting in multiple indica-~
tions will help to reduce the size of the MDC. Attention to end-item piaec-‘-
ment on the sheet so that procedures and events flow along a right-down
diagonal will also help in subdivision s well as use of the MDC.

h. ldentification of MDC Sheets. = The upper outer corner of
each sheet shall ideutify the function unit number and name with the Main~
tenance Dependency Chart below it, both flugsh to margin. The figure num-
ber and title of the MDC, and in parenthesis the number of total shests,
shall appear at the bottom center of each chart.




:ﬁ_ " Source data for the schematic, parts location illustraticn,

functional description, preliminary information sheet,
. and piocelures.

~2) The nuzaber of sheets in the drat.

3) The datcs that development was begun and ended, and the
initials of the person responsible for aid development.

b. . Menco of Remaining Material, The remsining material
in the following sequence:

1) Fuactional Unit Block Diagram
2) lategrated Schematic

3) Parts Location Illustration

4y Tunctional Description

5) End-Item List

8) Preliminary Informaiion Sheet

Yeio1 3-72
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8) . Symptom-Cause Chart or MEC Final nnﬁ

15, Review and Validste Troubleshooting &id Packg.g_ : By

The requirement of this activity is to verify that the informstwa co.mised
in the final veraion of the troubleshooting nid is sufﬁcicntly ad%cps%e and
accurate for troubleshooting purpcses. Sufficient adoq.,uey is dependent
upon how the personrnel reaponsible for aid develcpment bwc"m the ﬁri**
teria for each activity. Accuracy is also dependent upon this scme on
however, it may be necessary to verify the proceduru on the .qaigmoat il B
there is a queation that cannot be resolved otherwise. The foﬁwing ltﬁh
shall meet the requirement of this activity:

a. Review the development cf the package for completgm& nd o

to determine that the criteria for each activity performed have bnn met.
Correct identification of interface areas is especi.lly importznt.

b. Validate the information in terms of the development crmm;"
and if necessary, designate procedures for validation with the equipmcnt.

7) Checkout Procedures by End-Item Matrix '
& Frilure Mode Analysis or MDC Réégh-B‘rm"“ <= o

¢. HRoview changes in source data to determine the effect of the
change on material that was developed using old gource data.

d. If the total package does not meet the criteria for complete-
ness and validity, note the discrepancies and return the total package to
the responsible personnel for completion, validation, or revision.

Q.

If the total package dces meet the criteria, dispose of it in the

following manner:

1

[}

Dsts Sheet and
forwsrd it to the Basic Technica: vata Storage function X

as a copy ¢f the source datu used in the devalopment of
the aid.

Prepare a copy of the Troubieshocting Aid
p y

8-73




rd the End Item List to perloanel regponsible for

Troubleshooting Aid Index (A ctivity 17).

%, Feilure Mode Analysis or Rough MDC under
unction aumber and name for future reference, if re-
iired by changes to gource data.

Preliminary Information Sheet

(b) Maintenance Dependency Char: or Symptom-
Cause CThart

(c) Integrated Schematic
{d) Parts Location Illustration

Functional Description

; 8 Enter date and initials in ''Review' row of Troubleshooting
Ajd Data Sheet, and attach it to top of final vergion.

'Forward tinal version of the integrated troubleshooti ag
. - aid to Reproduction Department for typing, illustrat.on,
aad printin,.

T coublaghooting Aid Package

_ sff tiﬁl activity ie to correct inadequacies in the total
'3 | package due to failure to meet development criteria,

i e iy 0 s e G Lkt A T g - BV
T T




or charges of source data after the development effort was completed.
Because of the sequential dependency of developing activity products,

personnel rz; ponsgible for revision shall repeat thuse portions of Activities
3 through 14, as required to determine that voids and discontinuities do not
exisi. ; o3

Upon completion of the package revision, the person performing this activity
will enter the data and his initials in the "Revision" row of the Troublesaoot-
ing Aid Data Sheet and return it for review and validation (Activity 15).

17. Prepare Troubleshooting Aid Index and Trwuesmaiai31¢
Yolume Front Matter

The requirement for this activity is the preparation of a complete MM

all troubleshooting aids, and the iront matter for the volumes contgininﬁ-#bg
troubleshooting aids. This requirement cannot be met until trmbluv_h otin;

aids for all functional units have been completed; however, it should be

started and added to in the following manner as sooa as individual ion12
unit end item lists are received irom Activity 15. SR

a. Preparatior of TSA Index. Preparation of the TSA index abéu}.d
be started first to provide data for the TSA volume front matter.

1) Prepare parts location illustrations as necessary to per-
mit location and identification of eac’: inaicator. Assign
s figure number to each illustration. Designate each
indicator with an Arabic number in a sequentially progrea-
sive manner.

2) Prepare: s three-column list of all indicators by locatien.
The fir'st colurnn shall contain the parts locetion illustra-
tion key number of the indicator. The second column shall
contain the correct nomenclature of the indicator. The
third column shall contain the number{s) of the trouble-
shooting ¢!d(«) in which the indicator is identified as an
end item.




Prc':pnx;e' a two-column alphabetical list of all indicators.
The firﬁt column shall contain the correct nomenclature
: n@m Mz&t&r The gecond column shall contain the
mbar{a) of the tmblecheoting aid(s) in which the indica-

cmmoa name, and generic name. The first column shall
m&: the name; the second column shall contain the
& trwble&hooting aid mumber; and the third column shall
~_ contain the number of the volume containing the trcuble-
G2 ghooting aid {to be assigned later).

fi;;gx.'e"ﬂrepare a title page, list of effective pages, and table of
. contents for the index. The title page and list of effective

. pages shall meet the criteria for this material as identi-

' fied in MIL-M-441U. The table of contents shail identify
_the section of the TSA index which contains the following:

{a) Location of Indicators -- Each general location
grouping shall be placed in a separate section.
The general level rarts Jocation illustrations
shall determine the number of sections to be
agsigned.

(b) Alphabetical Listing of Indicators.
(c) Alphabetical Listing of Troubleshooting Aids.

. 4 8) The finai page size of the TSA index shall be 4-3/4 inches
" wide by 6-1/3 inchee high.

i tyl._ Prﬁparnuon of TSA Volume Front Matter. TSA veclume front
mn mrmully be included in the following sequence:

1) ~ Title Page and Cover -- The title page shall be arranged
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the same informetion mzhmat S data. oh
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2) List of Effsctive Pmt -- Tho list of ”Q‘Q?ﬁ-- e

be arrngﬁd in &ccm smb m

to bist the types dmiww S
lpﬁc,ﬁc type Qf m.!ormgm ﬁr .a &k :

4)

be included. This mdex shall be arr

T gk

by eqmp-nent or sy*atem partition namt viﬁta reP

5)

utilization of the matetials. These fnﬂtrﬁatxm.g

34 o 1 TR T &

self-explanatory to the manual user and sbd:l ino__"‘ de

terminology, and symbology.

D. OTHER FUNCTIONS RELATED TO TROUBLESHOOTING AID. -
DEVELOPMENT

P

In addition to the partitioning of tue total system into functional unite, thére
are four other major functions which interface with the development of
troubleshooting aids. These are the formatiing of cther maintanancs sctivi-
ties, the reproduction of the troubleshooting aid material, &he mmimgemnm
of & basic technical data storsge, nnd the control of trmbleshootmg aid |
master copies.

1. Re. rmat Msaintenance Activities
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Qifﬁt' thtt thero be 8 one-to-oue correlation between troubleahoot-

: mﬁm and all other mamemce informstion in terme of functicnal

; ,_,.;4 xtmnmhture, e checkout procedures. As this
ymes available during dcvgh:zﬁmmt of the troubleshooting

” prbmdod o the persmnel ruponsible for other msinte-

% “mjmaop: nnt effort (Activity 15) for determination of the extent of
Mr reqaim 1 for existing troubleshooting aid material.

y L.ﬂ 3 %

4;- ant: ul Troubleshootinﬂ Aid Master File

A gmﬂter file of all aids completing reproduction shall be maintained for
i ﬁr%mcc an¢ ;ontrol purposes. This file shall contain the most current
g :Mcd,wrlim of each aid, and shall serve as the effective data for

J ._ “"iqmnmg the impact of more recent data changes.

T
o

: g
R if ELDP]‘ENT OF TROUBLESHOOTING AIDS FOR A NEW SYSTEM
T o >

v B ?hﬂ a&m cr.\mria and sequence of activities apply to troubleshooting aid

é&vd@mmt wliether it be for a new system under development or for an

'\:i; 2 g syriem, The principal difierences in the characteristics of the
&S m are bued on the characteristica of the source data and personnel

l' ._
L ‘:s\} t‘, ),




muigmd thc responsibﬂity for development actw‘tiea. -

et o & ne <'~v\.~-

1. Source!)ata ; e _~ 1_-‘% if_-

. y
- Sk Tk
e 9— sk il 7

con.ract cpeciﬁeaticm, gnjmeerin-g ﬁou‘ mé mk@e At!.,‘ e
vorniom of pre-relezse drawingl parts ha{l eﬁﬁ%* {1‘,
2 :f).";—;_,%.;.: ? a»%f

2. Perscavel Assi jnments 3 i

L evs) St

> S cas

therefore, ne gpecific rule for personnel a;signm w;i bq
However, the following assignmen-ta of responsibility fer ﬁpg ifi

by the charactenstzcs of available source data and cmﬁctw " A
clasgifications. ) fﬁﬁ

%

a. System Level Engineer. A person cmcetﬁed with
and functional unit interface should have responsibility for Activi
1b, 5 - "',"‘ _‘ =

b. Design Level Engineer. A person concerned with fmw
unit interface, mechanization, and operation should have lead reapouﬂm
for Activities 2 through 10, and 12, &

c. Technical Writers. A person concerned with sentence ,_itr?c’?-'
ture and final preseantation format should have lead responsibility for e
Activities 11,13,14,16 and 17. He must be able to interpret the results
of all preceding activities to determine that the materiel is properly inte--

grated.

d. Interaction of Design Engineering and Technical Writer. The

design engineer may require the assistance of the writer in the wording of
procedures {Activity 3), and the writer may require the assistance of the
engineer in clarifying certain characteristics of any activity product.
Revision of the aid (as required by Activity 18) may be a jcint effort.

3-79 Vol.7
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_' r iar Actlvtty 15. This may ruult in,
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This report deacribes the latest paase in the program tc develop and

e evaluste PIMO (Pressntation of Information for Maintenance and Operation);

' a job guide concept spplied to maintenance., Between August 1968 and Aprii
1989, & test wis conducted at Charleaton AFB, South Caroling, to deter-
mine the sffectiveness of PIMO. Three immediate behavioral eflects were
axpected: 1) reduction in maintenance time, 2) reduction in meintenance

: srrors, and 3) allow ussge of inexperienced techniciane with no significant
penalty, Experienced and inexperienced Air Force technicians performed
maintenance on C-141A aircrsft using PIMO Job Guides presented in audio-
visual and booklet modes. Performance waa measured in terms of time to
perform and procedursl errors. The performsnce was compared with the
performance on the saras joba by a control group, i.e., experienced tech-
niciane performing in the normal munner. The {ollowing conclusions were
drawn from ths test rssulta: 1) after initisl learning trials, both experi-
enced and inexperienced (&cinucians iz g PIMO can perform error-free
maintsnance within ths ssme time as experienced technicians performing
in the norms] manner, 2) inexperienced technicisns perfor~ as well as
e?erunccd technicians when both use PIMO, 3) there is no significant
differencs betwsen audio-visual anc bookist modes, 4) the users revealed |
an ovsrwhelmiagly positive resction to PIZ1O, and 5) the perforrrance im-
provements provide the capabilitiss to significantly improve systers per- \
formance defined in terma of departure rsliability, time-in-maintenance,
und operational rsadiness. This report also presents 2 desacription of the
recommended operational aysie:, specifications and guidelines for PIMO

¢ format developmsnt, including trow bleehooting.
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